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Quantum magnets with a large SU(N) symmetry are a promising playground for the discovery of new forms
of exotic quantum matter. Motivated by recent experimental efforts to study SU(N) quantum magnetism in
samples of ultracold fermionic alkaline-earth-like atoms in optical lattices, we study here the temperature de-
pendence of spin correlations in the SU(N) Heisenberg spin model in a wide range of temperatures. We uncover
a sizeable regime in temperature, starting at T = ∞ down to intermediate temperatures and for all N ≥ 2, in
which the correlations have a common spatial structure on a broad range of lattices, with the sign of the cor-
relations alternating from one Manhattan shell to the next, while the amplitude of the correlations is rapidly
decreasing with distance. Focussing on the one-dimensional chain and the two-dimensional square and trian-
gular lattice for certain N , we discuss the appearance of a disorder and a Lifshitz temperature, separating the
commensurate Manhattan high-T regime from a low-T incommensurate regime. We observe that this tem-
perature window is associated to an approximately N -independent entropy reduction from the ln(N) entropy
at infinite temperature. Our results are based on high-temperature series arguments and as well as large-scale
numerical full diagonalization results of thermodynamic quantities for SU(3) and SU(4) square lattice samples,
corresponding to a total Hilbert space of up to 4× 109 states.
I. INTRODUCTION
More than a decade ago first proposals put forward the use
of internal states of ultracold atoms in order to implement var-
ious models of SU(N) quantum magnetism and multi-orbital
physics [1–3]. In contrast to ”plain” quantum simulations,
where the emulation of a particular condensed matter prob-
lem is central to the effort, here the proposals offered a new
playground for theory and experiment to explore uncharted
territory. The study of SU(N) quantum magnetism started
historically as a largely academic endeavour in the context of
integrable systems and large-N limits of SU(2) quantum mag-
netism [4–7], but in the meantime a large swath of theoretical
and numerical work has demonstrated that the field of SU(N)
quantum magnetism offers many opportunities for exciting
new physics, waiting to be uncovered in experiments [8, 9].
Concerning the experimental AMO platform, it turned out
that the alkaline-earth(-like) fermionic atoms 87Sr [10–17]
and 173Yb [18–22] are well suited for this line of research. On
the road towards SU(N) quantum magnetism of localized mo-
ments on a lattice, the realization of a Mott insulating state of
173Yb atoms formed an important milestone [23, 24], parallel-
ing the earlier achievements of SU(2) Mott insulators [25, 26].
The realm of SU(2) magnetism has seen tremendous exper-
imental progress with the advent of the real-space resolu-
tion of spin correlations using quantum gas microscopes and
other probes [27–33]. For 173Yb first promising experimen-
tal results for nearest neighbor spin correlations in SU(4) and
SU(6) Mott insulators were reported recently [34–36], and ef-
forts towards quantum gas microscopes for Sr or Yb atoms are
on their way [37–40].
The original proposals and the subsequent experimental
work motivated a broad range of theoretical and computa-
tional works on various aspects of SU(N) quantum mag-
nets [41–75]. A significant effort was put into understanding
the ground state (T = 0) phase diagrams of quantum spin
models in the fundamental representation of SU(N) [51, 75–
92].
The experiments for Mott insulators of 173Yb [23, 24] op-
erate currently in a temperature (T ) or entropy (S) regime,
which is low enough to freeze out the charge fluctuations at
the repulsion energy U , therefore justifying the Mott insulat-
ing regime. However the thermal entropy per particle is still
substantial, so that one likely operates at effective tempera-
tures above or around the magnetic exchange scale J .
In this manuscript we address the structure and temperature
dependence of real-space and momentum-space spin correla-
tions in this particular temperature or entropy regime. We find
an underlying common structure of correlations in real-space
for all N in SU(N) and across many lattices. We also find
that many aspects of the thermodynamics in this regime are to
a large extent N -independent.
II. MODEL
An appropriate starting point to describe the systems of in-
terest is a single-band, SU(N)-symmetric, fermionic Hubbard
model, which models 173Yb or 87Sr atoms (in the electronic
1S0 ground state) confined to an optical lattice [93].
HHubbard = −t
∑
〈i,j〉,α
(
c†i,αcjα + h.c.
)
(1)
+
U
2
∑
i
ni(ni − 1) .
Here t denotes the tunneling amplitude for nearest neighbor
bonds on the lattice and U > 0 parametrizes the repulsive on-
site interaction strength. c†i,α (ciα) are the creation (annihila-
tion) operators of fermions with internal state α ∈ {1, . . . , N}
on lattice site i. The operator ni ≡
∑
α ni,α =
∑
α c
†
i,α ciα
determines the total number of fermions on site i.
While the general phase diagram of this model is to a large
extent unknown, and the charting thereof constitutes one of
the goals of the experimental investigations, it is clear that
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2at integer fillings, in the limit of strong repulsive interactions
U  |t| and low temperature T  U , Mott insulating phases
do occur, where charge fluctuations are suppressed, and the
system is thus insulating, i.e. charge transport is inhibited.
In this limit the description of the system can be simplified by
projecting out the local occupancies away from the considered
integer filling and therefore adopting an SU(N) symmetric ef-
fective spin model. Depending on the integer filling 〈ni〉 = n,
the spin model is formulated with local spins in the n-box anti-
symmetric irreducible representation of SU(N). The Heisen-
berg spin model then reads
HHB = J
∑
〈i,j〉,A
SAi S
A
j , (2)
with the antiferromagnetic coupling J = 4t2/U > 0 at lead-
ing order in t/U [94]. The sum A extends over the N2 − 1
generators of SU(N). The dimension of the spin operators
depends on the irreducible representation considered, and we
will now focus exclusively on the case of unit filling n = 1,
corresponding to the fundamental irreducible representation
of SU(N) (Young tableau: ) of dimension N . In this partic-
ular case the spin interaction can also be rewritten exactly as
a sum of two-site transposition operators:
HHB = J
∑
〈i,j〉
1
2 (Pij − 1N ) , (3)
with Pij =
∑
α,β |αi, βj〉〈βi, αj |, i.e. a two site permutation
operator with α, β ∈ {1, ..., N}. Some parts of the recent lit-
erature on quantum spin models in the fundamental represen-
tation are working with this permutation formulation. In order
to allow for a simple comparison to the established correla-
tions and temperature scales for SU(2) we however continue
our discussion with the Heisenberg Hamiltonian in the spin
operator convention Eq. (2). We discuss the relation between
different observables quantifying spin correlations in App. A.
As mentioned in the introduction, our goal is to explore and
characterize the structure of spin correlations in a tempera-
ture regime where the charge fluctuations can be neglected,
i.e. at T  U . This is an experimentally relevant regime,
as some of the currently reported experiments operate at en-
tropies per particle around or somewhat below lnN [24] in the
Mott regime. In the spin language this corresponds to temper-
ature ranges from T/J ∼ 1 to T/J = ∞. While spin cor-
relations of one-dimensional spin chains have been studied at
finite temperature in the past [41, 43, 44, 71], there is a scarce
number of works [73] addressing SU(N) spin correlations at
finite temperature in higher dimensions.
Our work is based on simple high-temperature series con-
siderations [95], complete numerical exact diagonalization
(ED) of periodic finite size clusters using a basis of SU(N)
Young tableaux [74] and numerical linked cluster expan-
sion [96] results (also in the SU(N) Young tableaux basis),
and aims to explore the structure and temperature behaviour
of spin correlations in the currently experimentally accessi-
ble temperature or entropy regime in SU(N) Mott insulators
across a variety of (mostly two-dimensional) lattices.
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<latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit>
1
<latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit>
2
<latexit sha1_base64="SlxJJ/+zHsnxoRgZlUoIe6XbdhU=">AAAB6HicjVDLSgNBEOyJrxhfUY9eBoPgKewG QY9BLx4TMImQLGF20puMmZ1dZmaFsOQLvHhQxKuf5M2/cfI4qChY0FBUddPdFaZSGOt5H6Swsrq2vlHcLG1t7+zulfcP2ibJNMcWT2Sib0NmUAqFLSusxNtUI4tDiZ1wfDXzO/eojUjUjZ2kGMRsqEQkOLNOatb65Ypf9eagf5MKLNH ol997g4RnMSrLJTOm63upDXKmreASp6VeZjBlfMyG2HVUsRhNkM8PndITpwxolGhXytK5+nUiZ7Exkzh0nTGzI/PTm4m/ed3MRhdBLlSaWVR8sSjKJLUJnX1NB0Ijt3LiCONauFspHzHNuHXZlP4XQrtW9b2q3zyr1C+XcRThCI7hFHw 4hzpcQwNawAHhAZ7gmdyRR/JCXhetBbKcOYRvIG+fgIaMuQ==</latexit><latexit sha1_base64="SlxJJ/+zHsnxoRgZlUoIe6XbdhU=">AAAB6HicjVDLSgNBEOyJrxhfUY9eBoPgKewG QY9BLx4TMImQLGF20puMmZ1dZmaFsOQLvHhQxKuf5M2/cfI4qChY0FBUddPdFaZSGOt5H6Swsrq2vlHcLG1t7+zulfcP2ibJNMcWT2Sib0NmUAqFLSusxNtUI4tDiZ1wfDXzO/eojUjUjZ2kGMRsqEQkOLNOatb65Ypf9eagf5MKLNH ol997g4RnMSrLJTOm63upDXKmreASp6VeZjBlfMyG2HVUsRhNkM8PndITpwxolGhXytK5+nUiZ7Exkzh0nTGzI/PTm4m/ed3MRhdBLlSaWVR8sSjKJLUJnX1NB0Ijt3LiCONauFspHzHNuHXZlP4XQrtW9b2q3zyr1C+XcRThCI7hFHw 4hzpcQwNawAHhAZ7gmdyRR/JCXhetBbKcOYRvIG+fgIaMuQ==</latexit><latexit sha1_base64="SlxJJ/+zHsnxoRgZlUoIe6XbdhU=">AAAB6HicjVDLSgNBEOyJrxhfUY9eBoPgKewG QY9BLx4TMImQLGF20puMmZ1dZmaFsOQLvHhQxKuf5M2/cfI4qChY0FBUddPdFaZSGOt5H6Swsrq2vlHcLG1t7+zulfcP2ibJNMcWT2Sib0NmUAqFLSusxNtUI4tDiZ1wfDXzO/eojUjUjZ2kGMRsqEQkOLNOatb65Ypf9eagf5MKLNH ol997g4RnMSrLJTOm63upDXKmreASp6VeZjBlfMyG2HVUsRhNkM8PndITpwxolGhXytK5+nUiZ7Exkzh0nTGzI/PTm4m/ed3MRhdBLlSaWVR8sSjKJLUJnX1NB0Ijt3LiCONauFspHzHNuHXZlP4XQrtW9b2q3zyr1C+XcRThCI7hFHw 4hzpcQwNawAHhAZ7gmdyRR/JCXhetBbKcOYRvIG+fgIaMuQ==</latexit><latexit sha1_base64="SlxJJ/+zHsnxoRgZlUoIe6XbdhU=">AAAB6HicjVDLSgNBEOyJrxhfUY9eBoPgKewG QY9BLx4TMImQLGF20puMmZ1dZmaFsOQLvHhQxKuf5M2/cfI4qChY0FBUddPdFaZSGOt5H6Swsrq2vlHcLG1t7+zulfcP2ibJNMcWT2Sib0NmUAqFLSusxNtUI4tDiZ1wfDXzO/eojUjUjZ2kGMRsqEQkOLNOatb65Ypf9eagf5MKLNH ol997g4RnMSrLJTOm63upDXKmreASp6VeZjBlfMyG2HVUsRhNkM8PndITpwxolGhXytK5+nUiZ7Exkzh0nTGzI/PTm4m/ed3MRhdBLlSaWVR8sSjKJLUJnX1NB0Ijt3LiCONauFspHzHNuHXZlP4XQrtW9b2q3zyr1C+XcRThCI7hFHw 4hzpcQwNawAHhAZ7gmdyRR/JCXhetBbKcOYRvIG+fgIaMuQ==</latexit>
3
<latexit sha1_base64="5ru17jxLrtSEupvy35mqi/R8AVc=">AAAB6HicjVDLSgNBEOz1GeMr6tHLYBA8hV0V 9Bj04jEB84BkCbOT3mTMzOwyMyuEJV/gxYMiXv0kb/6Nk8dBRcGChqKqm+6uKBXcWN//8JaWV1bX1gsbxc2t7Z3d0t5+0ySZZthgiUh0O6IGBVfYsNwKbKcaqYwEtqLR9dRv3aM2PFG3dpxiKOlA8Zgzap1UP+uVykHFn4H8TcqwQK1 Xeu/2E5ZJVJYJakwn8FMb5lRbzgROit3MYErZiA6w46iiEk2Yzw6dkGOn9EmcaFfKkpn6dSKn0pixjFynpHZofnpT8Tevk9n4Msy5SjOLis0XxZkgNiHTr0mfa2RWjB2hTHN3K2FDqimzLpvi/0JonlYCvxLUz8vVq0UcBTiEIziBAC6 gCjdQgwYwQHiAJ3j27rxH78V7nbcueYuZA/gG7+0TggqMug==</latexit><latexit sha1_base64="5ru17jxLrtSEupvy35mqi/R8AVc=">AAAB6HicjVDLSgNBEOz1GeMr6tHLYBA8hV0V 9Bj04jEB84BkCbOT3mTMzOwyMyuEJV/gxYMiXv0kb/6Nk8dBRcGChqKqm+6uKBXcWN//8JaWV1bX1gsbxc2t7Z3d0t5+0ySZZthgiUh0O6IGBVfYsNwKbKcaqYwEtqLR9dRv3aM2PFG3dpxiKOlA8Zgzap1UP+uVykHFn4H8TcqwQK1 Xeu/2E5ZJVJYJakwn8FMb5lRbzgROit3MYErZiA6w46iiEk2Yzw6dkGOn9EmcaFfKkpn6dSKn0pixjFynpHZofnpT8Tevk9n4Msy5SjOLis0XxZkgNiHTr0mfa2RWjB2hTHN3K2FDqimzLpvi/0JonlYCvxLUz8vVq0UcBTiEIziBAC6 gCjdQgwYwQHiAJ3j27rxH78V7nbcueYuZA/gG7+0TggqMug==</latexit><latexit sha1_base64="5ru17jxLrtSEupvy35mqi/R8AVc=">AAAB6HicjVDLSgNBEOz1GeMr6tHLYBA8hV0V 9Bj04jEB84BkCbOT3mTMzOwyMyuEJV/gxYMiXv0kb/6Nk8dBRcGChqKqm+6uKBXcWN//8JaWV1bX1gsbxc2t7Z3d0t5+0ySZZthgiUh0O6IGBVfYsNwKbKcaqYwEtqLR9dRv3aM2PFG3dpxiKOlA8Zgzap1UP+uVykHFn4H8TcqwQK1 Xeu/2E5ZJVJYJakwn8FMb5lRbzgROit3MYErZiA6w46iiEk2Yzw6dkGOn9EmcaFfKkpn6dSKn0pixjFynpHZofnpT8Tevk9n4Msy5SjOLis0XxZkgNiHTr0mfa2RWjB2hTHN3K2FDqimzLpvi/0JonlYCvxLUz8vVq0UcBTiEIziBAC6 gCjdQgwYwQHiAJ3j27rxH78V7nbcueYuZA/gG7+0TggqMug==</latexit><latexit sha1_base64="5ru17jxLrtSEupvy35mqi/R8AVc=">AAAB6HicjVDLSgNBEOz1GeMr6tHLYBA8hV0V 9Bj04jEB84BkCbOT3mTMzOwyMyuEJV/gxYMiXv0kb/6Nk8dBRcGChqKqm+6uKBXcWN//8JaWV1bX1gsbxc2t7Z3d0t5+0ySZZthgiUh0O6IGBVfYsNwKbKcaqYwEtqLR9dRv3aM2PFG3dpxiKOlA8Zgzap1UP+uVykHFn4H8TcqwQK1 Xeu/2E5ZJVJYJakwn8FMb5lRbzgROit3MYErZiA6w46iiEk2Yzw6dkGOn9EmcaFfKkpn6dSKn0pixjFynpHZofnpT8Tevk9n4Msy5SjOLis0XxZkgNiHTr0mfa2RWjB2hTHN3K2FDqimzLpvi/0JonlYCvxLUz8vVq0UcBTiEIziBAC6 gCjdQgwYwQHiAJ3j27rxH78V7nbcueYuZA/gG7+0TggqMug==</latexit>
3
<latexit sha1_base64="5ru17jxLrtSEupvy35mqi/R8AVc=">AAAB6HicjVDLSgNBEOz1GeMr6tHLYBA8hV0V 9Bj04jEB84BkCbOT3mTMzOwyMyuEJV/gxYMiXv0kb/6Nk8dBRcGChqKqm+6uKBXcWN//8JaWV1bX1gsbxc2t7Z3d0t5+0ySZZthgiUh0O6IGBVfYsNwKbKcaqYwEtqLR9dRv3aM2PFG3dpxiKOlA8Zgzap1UP+uVykHFn4H8TcqwQK1 Xeu/2E5ZJVJYJakwn8FMb5lRbzgROit3MYErZiA6w46iiEk2Yzw6dkGOn9EmcaFfKkpn6dSKn0pixjFynpHZofnpT8Tevk9n4Msy5SjOLis0XxZkgNiHTr0mfa2RWjB2hTHN3K2FDqimzLpvi/0JonlYCvxLUz8vVq0UcBTiEIziBAC6 gCjdQgwYwQHiAJ3j27rxH78V7nbcueYuZA/gG7+0TggqMug==</latexit><latexit sha1_base64="5ru17jxLrtSEupvy35mqi/R8AVc=">AAAB6HicjVDLSgNBEOz1GeMr6tHLYBA8hV0V 9Bj04jEB84BkCbOT3mTMzOwyMyuEJV/gxYMiXv0kb/6Nk8dBRcGChqKqm+6uKBXcWN//8JaWV1bX1gsbxc2t7Z3d0t5+0ySZZthgiUh0O6IGBVfYsNwKbKcaqYwEtqLR9dRv3aM2PFG3dpxiKOlA8Zgzap1UP+uVykHFn4H8TcqwQK1 Xeu/2E5ZJVJYJakwn8FMb5lRbzgROit3MYErZiA6w46iiEk2Yzw6dkGOn9EmcaFfKkpn6dSKn0pixjFynpHZofnpT8Tevk9n4Msy5SjOLis0XxZkgNiHTr0mfa2RWjB2hTHN3K2FDqimzLpvi/0JonlYCvxLUz8vVq0UcBTiEIziBAC6 gCjdQgwYwQHiAJ3j27rxH78V7nbcueYuZA/gG7+0TggqMug==</latexit><latexit sha1_base64="5ru17jxLrtSEupvy35mqi/R8AVc=">AAAB6HicjVDLSgNBEOz1GeMr6tHLYBA8hV0V 9Bj04jEB84BkCbOT3mTMzOwyMyuEJV/gxYMiXv0kb/6Nk8dBRcGChqKqm+6uKBXcWN//8JaWV1bX1gsbxc2t7Z3d0t5+0ySZZthgiUh0O6IGBVfYsNwKbKcaqYwEtqLR9dRv3aM2PFG3dpxiKOlA8Zgzap1UP+uVykHFn4H8TcqwQK1 Xeu/2E5ZJVJYJakwn8FMb5lRbzgROit3MYErZiA6w46iiEk2Yzw6dkGOn9EmcaFfKkpn6dSKn0pixjFynpHZofnpT8Tevk9n4Msy5SjOLis0XxZkgNiHTr0mfa2RWjB2hTHN3K2FDqimzLpvi/0JonlYCvxLUz8vVq0UcBTiEIziBAC6 gCjdQgwYwQHiAJ3j27rxH78V7nbcueYuZA/gG7+0TggqMug==</latexit><latexit sha1_base64="5ru17jxLrtSEupvy35mqi/R8AVc=">AAAB6HicjVDLSgNBEOz1GeMr6tHLYBA8hV0V 9Bj04jEB84BkCbOT3mTMzOwyMyuEJV/gxYMiXv0kb/6Nk8dBRcGChqKqm+6uKBXcWN//8JaWV1bX1gsbxc2t7Z3d0t5+0ySZZthgiUh0O6IGBVfYsNwKbKcaqYwEtqLR9dRv3aM2PFG3dpxiKOlA8Zgzap1UP+uVykHFn4H8TcqwQK1 Xeu/2E5ZJVJYJakwn8FMb5lRbzgROit3MYErZiA6w46iiEk2Yzw6dkGOn9EmcaFfKkpn6dSKn0pixjFynpHZofnpT8Tevk9n4Msy5SjOLis0XxZkgNiHTr0mfa2RWjB2hTHN3K2FDqimzLpvi/0JonlYCvxLUz8vVq0UcBTiEIziBAC6 gCjdQgwYwQHiAJ3j27rxH78V7nbcueYuZA/gG7+0TggqMug==</latexit>
4
<latexit sha1_base64="Jh+Vn2SKRFv2fP1YINA5MLW77l4=">AAAB6HicjVDLSgNBEOyJrxhfUY9eBoPgKexK QI9BLx4TMImQLGF20puMmZ1dZmaFsOQLvHhQxKuf5M2/cfI4qChY0FBUddPdFaZSGOt5H6Swsrq2vlHcLG1t7+zulfcP2ibJNMcWT2Sib0NmUAqFLSusxNtUI4tDiZ1wfDXzO/eojUjUjZ2kGMRsqEQkOLNOatb65Ypf9eagf5MKLNH ol997g4RnMSrLJTOm63upDXKmreASp6VeZjBlfMyG2HVUsRhNkM8PndITpwxolGhXytK5+nUiZ7Exkzh0nTGzI/PTm4m/ed3MRhdBLlSaWVR8sSjKJLUJnX1NB0Ijt3LiCONauFspHzHNuHXZlP4XQvus6ntVv1mr1C+XcRThCI7hFHw 4hzpcQwNawAHhAZ7gmdyRR/JCXhetBbKcOYRvIG+fg46Muw==</latexit><latexit sha1_base64="mIMpHJZ1R/Ith9f30HOHHWOTCSo=">AAAB5HicjVDLSgNBEOz1GddX9OplMAiewq4I egx68RjBPCBZwuykNxkzO7vM9Aoh5Au8eFC8+k3e/Bsnj4OKggUNRVU33V1xrqSlIPjwVlbX1jc2S1v+9s7u3n7ZP2jarDACGyJTmWnH3KKSGhskSWE7N8jTWGErHl3P/NYDGiszfUfjHKOUD7RMpODkpNvzXrkSVoM52N+kAkvUe+X 3bj8TRYqahOLWdsIgp2jCDUmhcOp3C4s5FyM+wI6jmqdoo8n80Ck7cUqfJZlxpYnN1a8TE55aO05j15lyGtqf3kz8zesUlFxGE6nzglCLxaKkUIwyNvua9aVBQWrsCBdGuluZGHLDBbls/P+F0DyrhkE1rNSulmGU4AiO4RRCuIAa3EA dGiAA4RGe4cW7956810XjirecOIRv8N4+ARksi5E=</latexit><latexit sha1_base64="mIMpHJZ1R/Ith9f30HOHHWOTCSo=">AAAB5HicjVDLSgNBEOz1GddX9OplMAiewq4I egx68RjBPCBZwuykNxkzO7vM9Aoh5Au8eFC8+k3e/Bsnj4OKggUNRVU33V1xrqSlIPjwVlbX1jc2S1v+9s7u3n7ZP2jarDACGyJTmWnH3KKSGhskSWE7N8jTWGErHl3P/NYDGiszfUfjHKOUD7RMpODkpNvzXrkSVoM52N+kAkvUe+X 3bj8TRYqahOLWdsIgp2jCDUmhcOp3C4s5FyM+wI6jmqdoo8n80Ck7cUqfJZlxpYnN1a8TE55aO05j15lyGtqf3kz8zesUlFxGE6nzglCLxaKkUIwyNvua9aVBQWrsCBdGuluZGHLDBbls/P+F0DyrhkE1rNSulmGU4AiO4RRCuIAa3EA dGiAA4RGe4cW7956810XjirecOIRv8N4+ARksi5E=</latexit><latexit sha1_base64="mIMpHJZ1R/Ith9f30HOHHWOTCSo=">AAAB5HicjVDLSgNBEOz1GddX9OplMAiewq4I egx68RjBPCBZwuykNxkzO7vM9Aoh5Au8eFC8+k3e/Bsnj4OKggUNRVU33V1xrqSlIPjwVlbX1jc2S1v+9s7u3n7ZP2jarDACGyJTmWnH3KKSGhskSWE7N8jTWGErHl3P/NYDGiszfUfjHKOUD7RMpODkpNvzXrkSVoM52N+kAkvUe+X 3bj8TRYqahOLWdsIgp2jCDUmhcOp3C4s5FyM+wI6jmqdoo8n80Ck7cUqfJZlxpYnN1a8TE55aO05j15lyGtqf3kz8zesUlFxGE6nzglCLxaKkUIwyNvua9aVBQWrsCBdGuluZGHLDBbls/P+F0DyrhkE1rNSulmGU4AiO4RRCuIAa3EA dGiAA4RGe4cW7956810XjirecOIRv8N4+ARksi5E=</latexit>
4
<latexit sha1_base64="Jh+Vn2SKRFv2fP1YINA5MLW77l4=">AAAB6HicjVDLSgNBEOyJrxhfUY9eBoPgKexK QI9BLx4TMImQLGF20puMmZ1dZmaFsOQLvHhQxKuf5M2/cfI4qChY0FBUddPdFaZSGOt5H6Swsrq2vlHcLG1t7+zulfcP2ibJNMcWT2Sib0NmUAqFLSusxNtUI4tDiZ1wfDXzO/eojUjUjZ2kGMRsqEQkOLNOatb65Ypf9eagf5MKLNH ol997g4RnMSrLJTOm63upDXKmreASp6VeZjBlfMyG2HVUsRhNkM8PndITpwxolGhXytK5+nUiZ7Exkzh0nTGzI/PTm4m/ed3MRhdBLlSaWVR8sSjKJLUJnX1NB0Ijt3LiCONauFspHzHNuHXZlP4XQvus6ntVv1mr1C+XcRThCI7hFHw 4hzpcQwNawAHhAZ7gmdyRR/JCXhetBbKcOYRvIG+fg46Muw==</latexit><latexit sha1_base64="mIMpHJZ1R/Ith9f30HOHHWOTCSo=">AAAB5HicjVDLSgNBEOz1GddX9OplMAiewq4I egx68RjBPCBZwuykNxkzO7vM9Aoh5Au8eFC8+k3e/Bsnj4OKggUNRVU33V1xrqSlIPjwVlbX1jc2S1v+9s7u3n7ZP2jarDACGyJTmWnH3KKSGhskSWE7N8jTWGErHl3P/NYDGiszfUfjHKOUD7RMpODkpNvzXrkSVoM52N+kAkvUe+X 3bj8TRYqahOLWdsIgp2jCDUmhcOp3C4s5FyM+wI6jmqdoo8n80Ck7cUqfJZlxpYnN1a8TE55aO05j15lyGtqf3kz8zesUlFxGE6nzglCLxaKkUIwyNvua9aVBQWrsCBdGuluZGHLDBbls/P+F0DyrhkE1rNSulmGU4AiO4RRCuIAa3EA dGiAA4RGe4cW7956810XjirecOIRv8N4+ARksi5E=</latexit><latexit sha1_base64="mIMpHJZ1R/Ith9f30HOHHWOTCSo=">AAAB5HicjVDLSgNBEOz1GddX9OplMAiewq4I egx68RjBPCBZwuykNxkzO7vM9Aoh5Au8eFC8+k3e/Bsnj4OKggUNRVU33V1xrqSlIPjwVlbX1jc2S1v+9s7u3n7ZP2jarDACGyJTmWnH3KKSGhskSWE7N8jTWGErHl3P/NYDGiszfUfjHKOUD7RMpODkpNvzXrkSVoM52N+kAkvUe+X 3bj8TRYqahOLWdsIgp2jCDUmhcOp3C4s5FyM+wI6jmqdoo8n80Ck7cUqfJZlxpYnN1a8TE55aO05j15lyGtqf3kz8zesUlFxGE6nzglCLxaKkUIwyNvua9aVBQWrsCBdGuluZGHLDBbls/P+F0DyrhkE1rNSulmGU4AiO4RRCuIAa3EA dGiAA4RGe4cW7956810XjirecOIRv8N4+ARksi5E=</latexit><latexit sha1_base64="mIMpHJZ1R/Ith9f30HOHHWOTCSo=">AAAB5HicjVDLSgNBEOz1GddX9OplMAiewq4I egx68RjBPCBZwuykNxkzO7vM9Aoh5Au8eFC8+k3e/Bsnj4OKggUNRVU33V1xrqSlIPjwVlbX1jc2S1v+9s7u3n7ZP2jarDACGyJTmWnH3KKSGhskSWE7N8jTWGErHl3P/NYDGiszfUfjHKOUD7RMpODkpNvzXrkSVoM52N+kAkvUe+X 3bj8TRYqahOLWdsIgp2jCDUmhcOp3C4s5FyM+wI6jmqdoo8n80Ck7cUqfJZlxpYnN1a8TE55aO05j15lyGtqf3kz8zesUlFxGE6nzglCLxaKkUIwyNvua9aVBQWrsCBdGuluZGHLDBbls/P+F0DyrhkE1rNSulmGU4AiO4RRCuIAa3EA dGiAA4RGe4cW7956810XjirecOIRv8N4+ARksi5E=</latexit>
6
<latexit sha1_base64="yn3SUvnf7uVUVeBA4qA5LiZwvhI=">AAAB6HicjVDLSgNBEOz1GeMr6tHLYBA8hV0R 9Rj04jEB84BkCbOT3mTMzOwyMyuEJV/gxYMiXv0kb/6Nk8dBRcGChqKqm+6uKBXcWN//8JaWV1bX1gsbxc2t7Z3d0t5+0ySZZthgiUh0O6IGBVfYsNwKbKcaqYwEtqLR9dRv3aM2PFG3dpxiKOlA8Zgzap1UP++VykHFn4H8TcqwQK1 Xeu/2E5ZJVJYJakwn8FMb5lRbzgROit3MYErZiA6w46iiEk2Yzw6dkGOn9EmcaFfKkpn6dSKn0pixjFynpHZofnpT8Tevk9n4Msy5SjOLis0XxZkgNiHTr0mfa2RWjB2hTHN3K2FDqimzLpvi/0JonlYCvxLUz8rVq0UcBTiEIziBAC6 gCjdQgwYwQHiAJ3j27rxH78V7nbcueYuZA/gG7+0ThpaMvQ==</latexit><latexit sha1_base64="yn3SUvnf7uVUVeBA4qA5LiZwvhI=">AAAB6HicjVDLSgNBEOz1GeMr6tHLYBA8hV0R 9Rj04jEB84BkCbOT3mTMzOwyMyuEJV/gxYMiXv0kb/6Nk8dBRcGChqKqm+6uKBXcWN//8JaWV1bX1gsbxc2t7Z3d0t5+0ySZZthgiUh0O6IGBVfYsNwKbKcaqYwEtqLR9dRv3aM2PFG3dpxiKOlA8Zgzap1UP++VykHFn4H8TcqwQK1 Xeu/2E5ZJVJYJakwn8FMb5lRbzgROit3MYErZiA6w46iiEk2Yzw6dkGOn9EmcaFfKkpn6dSKn0pixjFynpHZofnpT8Tevk9n4Msy5SjOLis0XxZkgNiHTr0mfa2RWjB2hTHN3K2FDqimzLpvi/0JonlYCvxLUz8rVq0UcBTiEIziBAC6 gCjdQgwYwQHiAJ3j27rxH78V7nbcueYuZA/gG7+0ThpaMvQ==</latexit><latexit sha1_base64="yn3SUvnf7uVUVeBA4qA5LiZwvhI=">AAAB6HicjVDLSgNBEOz1GeMr6tHLYBA8hV0R 9Rj04jEB84BkCbOT3mTMzOwyMyuEJV/gxYMiXv0kb/6Nk8dBRcGChqKqm+6uKBXcWN//8JaWV1bX1gsbxc2t7Z3d0t5+0ySZZthgiUh0O6IGBVfYsNwKbKcaqYwEtqLR9dRv3aM2PFG3dpxiKOlA8Zgzap1UP++VykHFn4H8TcqwQK1 Xeu/2E5ZJVJYJakwn8FMb5lRbzgROit3MYErZiA6w46iiEk2Yzw6dkGOn9EmcaFfKkpn6dSKn0pixjFynpHZofnpT8Tevk9n4Msy5SjOLis0XxZkgNiHTr0mfa2RWjB2hTHN3K2FDqimzLpvi/0JonlYCvxLUz8rVq0UcBTiEIziBAC6 gCjdQgwYwQHiAJ3j27rxH78V7nbcueYuZA/gG7+0ThpaMvQ==</latexit><latexit sha1_base64="yn3SUvnf7uVUVeBA4qA5LiZwvhI=">AAAB6HicjVDLSgNBEOz1GeMr6tHLYBA8hV0R 9Rj04jEB84BkCbOT3mTMzOwyMyuEJV/gxYMiXv0kb/6Nk8dBRcGChqKqm+6uKBXcWN//8JaWV1bX1gsbxc2t7Z3d0t5+0ySZZthgiUh0O6IGBVfYsNwKbKcaqYwEtqLR9dRv3aM2PFG3dpxiKOlA8Zgzap1UP++VykHFn4H8TcqwQK1 Xeu/2E5ZJVJYJakwn8FMb5lRbzgROit3MYErZiA6w46iiEk2Yzw6dkGOn9EmcaFfKkpn6dSKn0pixjFynpHZofnpT8Tevk9n4Msy5SjOLis0XxZkgNiHTr0mfa2RWjB2hTHN3K2FDqimzLpvi/0JonlYCvxLUz8rVq0UcBTiEIziBAC6 gCjdQgwYwQHiAJ3j27rxH78V7nbcueYuZA/gG7+0ThpaMvQ==</latexit>
10
<latexit sha1_base64="NfljDEp/I4XqWs2/dAQaVvyBhWQ=">AAAB6XicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RTAwkIcxO epMhs7PLTK8QlvyBFw+KePWPvPk3Th4HFQULGoqqbrq7wlRJS77/4RWWlldW14rrpY3Nre2d8u5e0yaZEdgQiUpMK+QWldTYIEkKW6lBHocK78LR5dS/u0djZaJvaZxiN+YDLSMpODnpJvB75UpQ9Wdgf5MKLFDvld87/URkMWoSilvbDvyUujk3JIXCSamTWUy5GPEBth3VPEb bzWeXTtiRU/osSowrTWymfp3IeWztOA5dZ8xpaH96U/E3r51RdN7NpU4zQi3mi6JMMUrY9G3WlwYFqbEjXBjpbmViyA0X5MIp/S+E5kk18KvB9WmldrGIowgHcAjHEMAZ1OAK6tAAARE8wBM8eyPv0XvxXuetBW8xsw/f4L19AuzXjPI=</latexit><latexit sha1_base64="NfljDEp/I4XqWs2/dAQaVvyBhWQ=">AAAB6XicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RTAwkIcxO epMhs7PLTK8QlvyBFw+KePWPvPk3Th4HFQULGoqqbrq7wlRJS77/4RWWlldW14rrpY3Nre2d8u5e0yaZEdgQiUpMK+QWldTYIEkKW6lBHocK78LR5dS/u0djZaJvaZxiN+YDLSMpODnpJvB75UpQ9Wdgf5MKLFDvld87/URkMWoSilvbDvyUujk3JIXCSamTWUy5GPEBth3VPEb bzWeXTtiRU/osSowrTWymfp3IeWztOA5dZ8xpaH96U/E3r51RdN7NpU4zQi3mi6JMMUrY9G3WlwYFqbEjXBjpbmViyA0X5MIp/S+E5kk18KvB9WmldrGIowgHcAjHEMAZ1OAK6tAAARE8wBM8eyPv0XvxXuetBW8xsw/f4L19AuzXjPI=</latexit><latexit sha1_base64="NfljDEp/I4XqWs2/dAQaVvyBhWQ=">AAAB6XicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RTAwkIcxO epMhs7PLTK8QlvyBFw+KePWPvPk3Th4HFQULGoqqbrq7wlRJS77/4RWWlldW14rrpY3Nre2d8u5e0yaZEdgQiUpMK+QWldTYIEkKW6lBHocK78LR5dS/u0djZaJvaZxiN+YDLSMpODnpJvB75UpQ9Wdgf5MKLFDvld87/URkMWoSilvbDvyUujk3JIXCSamTWUy5GPEBth3VPEb bzWeXTtiRU/osSowrTWymfp3IeWztOA5dZ8xpaH96U/E3r51RdN7NpU4zQi3mi6JMMUrY9G3WlwYFqbEjXBjpbmViyA0X5MIp/S+E5kk18KvB9WmldrGIowgHcAjHEMAZ1OAK6tAAARE8wBM8eyPv0XvxXuetBW8xsw/f4L19AuzXjPI=</latexit><latexit sha1_base64="NfljDEp/I4XqWs2/dAQaVvyBhWQ=">AAAB6XicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RTAwkIcxO epMhs7PLTK8QlvyBFw+KePWPvPk3Th4HFQULGoqqbrq7wlRJS77/4RWWlldW14rrpY3Nre2d8u5e0yaZEdgQiUpMK+QWldTYIEkKW6lBHocK78LR5dS/u0djZaJvaZxiN+YDLSMpODnpJvB75UpQ9Wdgf5MKLFDvld87/URkMWoSilvbDvyUujk3JIXCSamTWUy5GPEBth3VPEb bzWeXTtiRU/osSowrTWymfp3IeWztOA5dZ8xpaH96U/E3r51RdN7NpU4zQi3mi6JMMUrY9G3WlwYFqbEjXBjpbmViyA0X5MIp/S+E5kk18KvB9WmldrGIowgHcAjHEMAZ1OAK6tAAARE8wBM8eyPv0XvxXuetBW8xsw/f4L19AuzXjPI=</latexit>
10
<latexit sha1_base64="NfljDEp/I4XqWs2/dAQaVvyBhWQ=">AAAB6XicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RTAwkIcxO epMhs7PLTK8QlvyBFw+KePWPvPk3Th4HFQULGoqqbrq7wlRJS77/4RWWlldW14rrpY3Nre2d8u5e0yaZEdgQiUpMK+QWldTYIEkKW6lBHocK78LR5dS/u0djZaJvaZxiN+YDLSMpODnpJvB75UpQ9Wdgf5MKLFDvld87/URkMWoSilvbDvyUujk3JIXCSamTWUy5GPEBth3VPEb bzWeXTtiRU/osSowrTWymfp3IeWztOA5dZ8xpaH96U/E3r51RdN7NpU4zQi3mi6JMMUrY9G3WlwYFqbEjXBjpbmViyA0X5MIp/S+E5kk18KvB9WmldrGIowgHcAjHEMAZ1OAK6tAAARE8wBM8eyPv0XvxXuetBW8xsw/f4L19AuzXjPI=</latexit><latexit sha1_base64="NfljDEp/I4XqWs2/dAQaVvyBhWQ=">AAAB6XicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RTAwkIcxO epMhs7PLTK8QlvyBFw+KePWPvPk3Th4HFQULGoqqbrq7wlRJS77/4RWWlldW14rrpY3Nre2d8u5e0yaZEdgQiUpMK+QWldTYIEkKW6lBHocK78LR5dS/u0djZaJvaZxiN+YDLSMpODnpJvB75UpQ9Wdgf5MKLFDvld87/URkMWoSilvbDvyUujk3JIXCSamTWUy5GPEBth3VPEb bzWeXTtiRU/osSowrTWymfp3IeWztOA5dZ8xpaH96U/E3r51RdN7NpU4zQi3mi6JMMUrY9G3WlwYFqbEjXBjpbmViyA0X5MIp/S+E5kk18KvB9WmldrGIowgHcAjHEMAZ1OAK6tAAARE8wBM8eyPv0XvxXuetBW8xsw/f4L19AuzXjPI=</latexit><latexit sha1_base64="NfljDEp/I4XqWs2/dAQaVvyBhWQ=">AAAB6XicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RTAwkIcxO epMhs7PLTK8QlvyBFw+KePWPvPk3Th4HFQULGoqqbrq7wlRJS77/4RWWlldW14rrpY3Nre2d8u5e0yaZEdgQiUpMK+QWldTYIEkKW6lBHocK78LR5dS/u0djZaJvaZxiN+YDLSMpODnpJvB75UpQ9Wdgf5MKLFDvld87/URkMWoSilvbDvyUujk3JIXCSamTWUy5GPEBth3VPEb bzWeXTtiRU/osSowrTWymfp3IeWztOA5dZ8xpaH96U/E3r51RdN7NpU4zQi3mi6JMMUrY9G3WlwYFqbEjXBjpbmViyA0X5MIp/S+E5kk18KvB9WmldrGIowgHcAjHEMAZ1OAK6tAAARE8wBM8eyPv0XvxXuetBW8xsw/f4L19AuzXjPI=</latexit><latexit sha1_base64="NfljDEp/I4XqWs2/dAQaVvyBhWQ=">AAAB6XicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RTAwkIcxO epMhs7PLTK8QlvyBFw+KePWPvPk3Th4HFQULGoqqbrq7wlRJS77/4RWWlldW14rrpY3Nre2d8u5e0yaZEdgQiUpMK+QWldTYIEkKW6lBHocK78LR5dS/u0djZaJvaZxiN+YDLSMpODnpJvB75UpQ9Wdgf5MKLFDvld87/URkMWoSilvbDvyUujk3JIXCSamTWUy5GPEBth3VPEb bzWeXTtiRU/osSowrTWymfp3IeWztOA5dZ8xpaH96U/E3r51RdN7NpU4zQi3mi6JMMUrY9G3WlwYFqbEjXBjpbmViyA0X5MIp/S+E5kk18KvB9WmldrGIowgHcAjHEMAZ1OAK6tAAARE8wBM8eyPv0XvxXuetBW8xsw/f4L19AuzXjPI=</latexit>
20
<latexit sha1_base64="wLZyL25BeVJ1urYUahRYETaZD+4=">AAAB6XicjVDLSgNBEOyJrxhfUY9eBoPgKewGQY9BLx6jmAckS 5id9CZDZmeXmVkhLPkDLx4U8eofefNvnDwOKgoWNBRV3XR3hakUxnreBymsrK6tbxQ3S1vbO7t75f2DlkkyzbHJE5noTsgMSqGwaYWV2Ek1sjiU2A7HVzO/fY/aiETd2UmKQcyGSkSCM+uk25rXL1f8qjcH/ZtUYIlGv/zeGyQ8i1FZLpkxXd9LbZAzbQWXOC31MoMp42M 2xK6jisVognx+6ZSeOGVAo0S7UpbO1a8TOYuNmcSh64yZHZmf3kz8zetmNroIcqHSzKLii0VRJqlN6OxtOhAauZUTRxjXwt1K+Yhpxq0Lp/S/EFq1qu9V/ZuzSv1yGUcRjuAYTsGHc6jDNTSgCRwieIAneCZj8kheyOuitUCWM4fwDeTtE+5cjPM=</latexit><latexit sha1_base64="wLZyL25BeVJ1urYUahRYETaZD+4=">AAAB6XicjVDLSgNBEOyJrxhfUY9eBoPgKewGQY9BLx6jmAckS 5id9CZDZmeXmVkhLPkDLx4U8eofefNvnDwOKgoWNBRV3XR3hakUxnreBymsrK6tbxQ3S1vbO7t75f2DlkkyzbHJE5noTsgMSqGwaYWV2Ek1sjiU2A7HVzO/fY/aiETd2UmKQcyGSkSCM+uk25rXL1f8qjcH/ZtUYIlGv/zeGyQ8i1FZLpkxXd9LbZAzbQWXOC31MoMp42M 2xK6jisVognx+6ZSeOGVAo0S7UpbO1a8TOYuNmcSh64yZHZmf3kz8zetmNroIcqHSzKLii0VRJqlN6OxtOhAauZUTRxjXwt1K+Yhpxq0Lp/S/EFq1qu9V/ZuzSv1yGUcRjuAYTsGHc6jDNTSgCRwieIAneCZj8kheyOuitUCWM4fwDeTtE+5cjPM=</latexit><latexit sha1_base64="wLZyL25BeVJ1urYUahRYETaZD+4=">AAAB6XicjVDLSgNBEOyJrxhfUY9eBoPgKewGQY9BLx6jmAckS 5id9CZDZmeXmVkhLPkDLx4U8eofefNvnDwOKgoWNBRV3XR3hakUxnreBymsrK6tbxQ3S1vbO7t75f2DlkkyzbHJE5noTsgMSqGwaYWV2Ek1sjiU2A7HVzO/fY/aiETd2UmKQcyGSkSCM+uk25rXL1f8qjcH/ZtUYIlGv/zeGyQ8i1FZLpkxXd9LbZAzbQWXOC31MoMp42M 2xK6jisVognx+6ZSeOGVAo0S7UpbO1a8TOYuNmcSh64yZHZmf3kz8zetmNroIcqHSzKLii0VRJqlN6OxtOhAauZUTRxjXwt1K+Yhpxq0Lp/S/EFq1qu9V/ZuzSv1yGUcRjuAYTsGHc6jDNTSgCRwieIAneCZj8kheyOuitUCWM4fwDeTtE+5cjPM=</latexit><latexit sha1_base64="wLZyL25BeVJ1urYUahRYETaZD+4=">AAAB6XicjVDLSgNBEOyJrxhfUY9eBoPgKewGQY9BLx6jmAckS 5id9CZDZmeXmVkhLPkDLx4U8eofefNvnDwOKgoWNBRV3XR3hakUxnreBymsrK6tbxQ3S1vbO7t75f2DlkkyzbHJE5noTsgMSqGwaYWV2Ek1sjiU2A7HVzO/fY/aiETd2UmKQcyGSkSCM+uk25rXL1f8qjcH/ZtUYIlGv/zeGyQ8i1FZLpkxXd9LbZAzbQWXOC31MoMp42M 2xK6jisVognx+6ZSeOGVAo0S7UpbO1a8TOYuNmcSh64yZHZmf3kz8zetmNroIcqHSzKLii0VRJqlN6OxtOhAauZUTRxjXwt1K+Yhpxq0Lp/S/EFq1qu9V/ZuzSv1yGUcRjuAYTsGHc6jDNTSgCRwieIAneCZj8kheyOuitUCWM4fwDeTtE+5cjPM=</latexit>
m = 3
<latexit sha1_base64="kamIaEqSR6kLwJBFuRq8tsbNjkY=">AAAB6nicbVDLSgMxFM3UV62vqks3wSK4GpJqtV0IRTcuK9oHtEPJpJk2NJkZkoxQhn6CGxeKuPWL3Pk3pu0stHrgwuGce7n3Hj8WXBuEvpzcyura+kZ+s7C1vbO7V9w/aOkoUZQ1aSQi1fGJZoKHrGm4E awTK0akL1jbH9/M/PYjU5pH4YOZxMyTZBjygFNirHQvr876xRJyKwjXLjBEbrmCalVkCZoD4oyUQIZGv/jZG0Q0kSw0VBCtuxjFxkuJMpwKNi30Es1iQsdkyLqWhkQy7aXzU6fwxCoDGETKVmjgXP05kRKp9UT6tlMSM9LL3kz8z+smJqh6KQ/jxLCQLhYFiYAmgrO/4YArRo2YWEKo4vZWSEdEEWpsOgUbAl5++S9plV2MXHx3XqpfZ3HkwRE4BqcAg0tQB7egAZqAgiF4Ai/g1RHOs/PmvC9ac042cwh+wfn4Bg2ejaM=</latexit><latexit sha1_base64="kamIaEqSR6kLwJBFuRq8tsbNjkY=">AAAB6nicbVDLSgMxFM3UV62vqks3wSK4GpJqtV0IRTcuK9oHtEPJpJk2NJkZkoxQhn6CGxeKuPWL3Pk3pu0stHrgwuGce7n3Hj8WXBuEvpzcyura+kZ+s7C1vbO7V9w/aOkoUZQ1aSQi1fGJZoKHrGm4E awTK0akL1jbH9/M/PYjU5pH4YOZxMyTZBjygFNirHQvr876xRJyKwjXLjBEbrmCalVkCZoD4oyUQIZGv/jZG0Q0kSw0VBCtuxjFxkuJMpwKNi30Es1iQsdkyLqWhkQy7aXzU6fwxCoDGETKVmjgXP05kRKp9UT6tlMSM9LL3kz8z+smJqh6KQ/jxLCQLhYFiYAmgrO/4YArRo2YWEKo4vZWSEdEEWpsOgUbAl5++S9plV2MXHx3XqpfZ3HkwRE4BqcAg0tQB7egAZqAgiF4Ai/g1RHOs/PmvC9ac042cwh+wfn4Bg2ejaM=</latexit><latexit sha1_base64="kamIaEqSR6kLwJBFuRq8tsbNjkY=">AAAB6nicbVDLSgMxFM3UV62vqks3wSK4GpJqtV0IRTcuK9oHtEPJpJk2NJkZkoxQhn6CGxeKuPWL3Pk3pu0stHrgwuGce7n3Hj8WXBuEvpzcyura+kZ+s7C1vbO7V9w/aOkoUZQ1aSQi1fGJZoKHrGm4E awTK0akL1jbH9/M/PYjU5pH4YOZxMyTZBjygFNirHQvr876xRJyKwjXLjBEbrmCalVkCZoD4oyUQIZGv/jZG0Q0kSw0VBCtuxjFxkuJMpwKNi30Es1iQsdkyLqWhkQy7aXzU6fwxCoDGETKVmjgXP05kRKp9UT6tlMSM9LL3kz8z+smJqh6KQ/jxLCQLhYFiYAmgrO/4YArRo2YWEKo4vZWSEdEEWpsOgUbAl5++S9plV2MXHx3XqpfZ3HkwRE4BqcAg0tQB7egAZqAgiF4Ai/g1RHOs/PmvC9ac042cwh+wfn4Bg2ejaM=</latexit><latexit sha1_base64="kamIaEqSR6kLwJBFuRq8tsbNjkY=">AAAB6nicbVDLSgMxFM3UV62vqks3wSK4GpJqtV0IRTcuK9oHtEPJpJk2NJkZkoxQhn6CGxeKuPWL3Pk3pu0stHrgwuGce7n3Hj8WXBuEvpzcyura+kZ+s7C1vbO7V9w/aOkoUZQ1aSQi1fGJZoKHrGm4E awTK0akL1jbH9/M/PYjU5pH4YOZxMyTZBjygFNirHQvr876xRJyKwjXLjBEbrmCalVkCZoD4oyUQIZGv/jZG0Q0kSw0VBCtuxjFxkuJMpwKNi30Es1iQsdkyLqWhkQy7aXzU6fwxCoDGETKVmjgXP05kRKp9UT6tlMSM9LL3kz8z+smJqh6KQ/jxLCQLhYFiYAmgrO/4YArRo2YWEKo4vZWSEdEEWpsOgUbAl5++S9plV2MXHx3XqpfZ3HkwRE4BqcAg0tQB7egAZqAgiF4Ai/g1RHOs/PmvC9ac042cwh+wfn4Bg2ejaM=</latexit>
m = 2
<latexit sha1_base64="gncOplcdNA1pmZfBME0OAk/wx7w=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhiDc utYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5elXqFIvLLCFcvMER+qYyqFeQImgPijBRBhnqv8NntxzSVTFkqiDEdjBIbTIi2nAo2zXdTwxJCR2TAOo4qIpkJJvNTp/DUKX0YxdqVsnCu/pyYEGnMWIauUxI7NMveTPzP66Q2qgQTrpLUMkUXi6JUQBvD2d+wzzWjVowdIVRzdyukQ6IJtS6dvAsBL7/8lzRLPkY+vjsv1q6zOHLgGJyAM4DBJaiBW1AHDUDBADyBF/DqCe/Ze/PeF60rXjZzBH7B+/gGDBqNog==</latexit><latexit sha1_base64="gncOplcdNA1pmZfBME0OAk/wx7w=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhiDc utYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5elXqFIvLLCFcvMER+qYyqFeQImgPijBRBhnqv8NntxzSVTFkqiDEdjBIbTIi2nAo2zXdTwxJCR2TAOo4qIpkJJvNTp/DUKX0YxdqVsnCu/pyYEGnMWIauUxI7NMveTPzP66Q2qgQTrpLUMkUXi6JUQBvD2d+wzzWjVowdIVRzdyukQ6IJtS6dvAsBL7/8lzRLPkY+vjsv1q6zOHLgGJyAM4DBJaiBW1AHDUDBADyBF/DqCe/Ze/PeF60rXjZzBH7B+/gGDBqNog==</latexit><latexit sha1_base64="gncOplcdNA1pmZfBME0OAk/wx7w=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhiDc utYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5elXqFIvLLCFcvMER+qYyqFeQImgPijBRBhnqv8NntxzSVTFkqiDEdjBIbTIi2nAo2zXdTwxJCR2TAOo4qIpkJJvNTp/DUKX0YxdqVsnCu/pyYEGnMWIauUxI7NMveTPzP66Q2qgQTrpLUMkUXi6JUQBvD2d+wzzWjVowdIVRzdyukQ6IJtS6dvAsBL7/8lzRLPkY+vjsv1q6zOHLgGJyAM4DBJaiBW1AHDUDBADyBF/DqCe/Ze/PeF60rXjZzBH7B+/gGDBqNog==</latexit><latexit sha1_base64="gncOplcdNA1pmZfBME0OAk/wx7w=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhiDc utYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5elXqFIvLLCFcvMER+qYyqFeQImgPijBRBhnqv8NntxzSVTFkqiDEdjBIbTIi2nAo2zXdTwxJCR2TAOo4qIpkJJvNTp/DUKX0YxdqVsnCu/pyYEGnMWIauUxI7NMveTPzP66Q2qgQTrpLUMkUXi6JUQBvD2d+wzzWjVowdIVRzdyukQ6IJtS6dvAsBL7/8lzRLPkY+vjsv1q6zOHLgGJyAM4DBJaiBW1AHDUDBADyBF/DqCe/Ze/PeF60rXjZzBH7B+/gGDBqNog==</latexit>m = 1
<latexit sha1_base64="giNNH9Hh9d9khhPSKr33dbn4WPU=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhi DcutYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5e4V6hiPwywtULDJFfKqNqBTmC5oA4I0WQod4rfHb7MU0lU5YKYkwHo8QGE6Itp4JN893UsITQERmwjqOKSGaCyfzUKTx1Sh9GsXalLJyrPycmRBozlqHrlMQOzbI3E//zOqmNKsGEqyS1TNHFoigV0MZw9jfsc82oFWNHCNXc3QrpkGhCrUsn70LAyy//Jc2Sj5GP786Ltessjhw4BifgDGBwCWrgFtRBA1AwAE/gBbx6wnv23rz3ReuKl80cgV/wPr4BCpaNoQ==</latexit><latexit sha1_base64="giNNH9Hh9d9khhPSKr33dbn4WPU=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhi DcutYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5e4V6hiPwywtULDJFfKqNqBTmC5oA4I0WQod4rfHb7MU0lU5YKYkwHo8QGE6Itp4JN893UsITQERmwjqOKSGaCyfzUKTx1Sh9GsXalLJyrPycmRBozlqHrlMQOzbI3E//zOqmNKsGEqyS1TNHFoigV0MZw9jfsc82oFWNHCNXc3QrpkGhCrUsn70LAyy//Jc2Sj5GP786Ltessjhw4BifgDGBwCWrgFtRBA1AwAE/gBbx6wnv23rz3ReuKl80cgV/wPr4BCpaNoQ==</latexit><latexit sha1_base64="giNNH9Hh9d9khhPSKr33dbn4WPU=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhi DcutYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5e4V6hiPwywtULDJFfKqNqBTmC5oA4I0WQod4rfHb7MU0lU5YKYkwHo8QGE6Itp4JN893UsITQERmwjqOKSGaCyfzUKTx1Sh9GsXalLJyrPycmRBozlqHrlMQOzbI3E//zOqmNKsGEqyS1TNHFoigV0MZw9jfsc82oFWNHCNXc3QrpkGhCrUsn70LAyy//Jc2Sj5GP786Ltessjhw4BifgDGBwCWrgFtRBA1AwAE/gBbx6wnv23rz3ReuKl80cgV/wPr4BCpaNoQ==</latexit><latexit sha1_base64="giNNH9Hh9d9khhPSKr33dbn4WPU=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhi DcutYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5e4V6hiPwywtULDJFfKqNqBTmC5oA4I0WQod4rfHb7MU0lU5YKYkwHo8QGE6Itp4JN893UsITQERmwjqOKSGaCyfzUKTx1Sh9GsXalLJyrPycmRBozlqHrlMQOzbI3E//zOqmNKsGEqyS1TNHFoigV0MZw9jfsc82oFWNHCNXc3QrpkGhCrUsn70LAyy//Jc2Sj5GP786Ltessjhw4BifgDGBwCWrgFtRBA1AwAE/gBbx6wnv23rz3ReuKl80cgV/wPr4BCpaNoQ==</latexit>
m = 4
<latexit sha1_base64="3e1lz5FbpcZkasjxh/xteRfz7aM=">AAAB6nicbVDLSgMxFM3UV62vqks3wSK4GjKl1XYhFN24rGgf0A4lk2ba0CQzJBmhDP0ENy4UcesXufNvTNtZaPXAhcM593LvPUHMmTYIfTm5tfWNza38dmFnd2//oHh41NZRoghtkYhHqhtgTTmTtGWY4 bQbK4pFwGknmNzM/c4jVZpF8sFMY+oLPJIsZAQbK92Lq8qgWEJuFXn1Cw8it1xF9RqyBC0AvYyUQIbmoPjZH0YkEVQawrHWPQ/Fxk+xMoxwOiv0E01jTCZ4RHuWSiyo9tPFqTN4ZpUhDCNlSxq4UH9OpFhoPRWB7RTYjPWqNxf/83qJCWt+ymScGCrJclGYcGgiOP8bDpmixPCpJZgoZm+FZIwVJsamU7AheKsv/yXtsush17urlBrXWRx5cAJOwTnwwCVogFvQBC1AwAg8gRfw6nDn2Xlz3petOSebOQa/4Hx8Aw8ijaQ=</latexit><latexit sha1_base64="3e1lz5FbpcZkasjxh/xteRfz7aM=">AAAB6nicbVDLSgMxFM3UV62vqks3wSK4GjKl1XYhFN24rGgf0A4lk2ba0CQzJBmhDP0ENy4UcesXufNvTNtZaPXAhcM593LvPUHMmTYIfTm5tfWNza38dmFnd2//oHh41NZRoghtkYhHqhtgTTmTtGWY4 bQbK4pFwGknmNzM/c4jVZpF8sFMY+oLPJIsZAQbK92Lq8qgWEJuFXn1Cw8it1xF9RqyBC0AvYyUQIbmoPjZH0YkEVQawrHWPQ/Fxk+xMoxwOiv0E01jTCZ4RHuWSiyo9tPFqTN4ZpUhDCNlSxq4UH9OpFhoPRWB7RTYjPWqNxf/83qJCWt+ymScGCrJclGYcGgiOP8bDpmixPCpJZgoZm+FZIwVJsamU7AheKsv/yXtsush17urlBrXWRx5cAJOwTnwwCVogFvQBC1AwAg8gRfw6nDn2Xlz3petOSebOQa/4Hx8Aw8ijaQ=</latexit><latexit sha1_base64="3e1lz5FbpcZkasjxh/xteRfz7aM=">AAAB6nicbVDLSgMxFM3UV62vqks3wSK4GjKl1XYhFN24rGgf0A4lk2ba0CQzJBmhDP0ENy4UcesXufNvTNtZaPXAhcM593LvPUHMmTYIfTm5tfWNza38dmFnd2//oHh41NZRoghtkYhHqhtgTTmTtGWY4 bQbK4pFwGknmNzM/c4jVZpF8sFMY+oLPJIsZAQbK92Lq8qgWEJuFXn1Cw8it1xF9RqyBC0AvYyUQIbmoPjZH0YkEVQawrHWPQ/Fxk+xMoxwOiv0E01jTCZ4RHuWSiyo9tPFqTN4ZpUhDCNlSxq4UH9OpFhoPRWB7RTYjPWqNxf/83qJCWt+ymScGCrJclGYcGgiOP8bDpmixPCpJZgoZm+FZIwVJsamU7AheKsv/yXtsush17urlBrXWRx5cAJOwTnwwCVogFvQBC1AwAg8gRfw6nDn2Xlz3petOSebOQa/4Hx8Aw8ijaQ=</latexit><latexit sha1_base64="3e1lz5FbpcZkasjxh/xteRfz7aM=">AAAB6nicbVDLSgMxFM3UV62vqks3wSK4GjKl1XYhFN24rGgf0A4lk2ba0CQzJBmhDP0ENy4UcesXufNvTNtZaPXAhcM593LvPUHMmTYIfTm5tfWNza38dmFnd2//oHh41NZRoghtkYhHqhtgTTmTtGWY4 bQbK4pFwGknmNzM/c4jVZpF8sFMY+oLPJIsZAQbK92Lq8qgWEJuFXn1Cw8it1xF9RqyBC0AvYyUQIbmoPjZH0YkEVQawrHWPQ/Fxk+xMoxwOiv0E01jTCZ4RHuWSiyo9tPFqTN4ZpUhDCNlSxq4UH9OpFhoPRWB7RTYjPWqNxf/83qJCWt+ymScGCrJclGYcGgiOP8bDpmixPCpJZgoZm+FZIwVJsamU7AheKsv/yXtsush17urlBrXWRx5cAJOwTnwwCVogFvQBC1AwAg8gRfw6nDn2Xlz3petOSebOQa/4Hx8Aw8ijaQ=</latexit>
m = 5
<latexit sha1_base64="Gx6bV+un97HJTf4g2PlI39bkb/I=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhiDc utYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5elXuFIvLLCFcvMER+qYyqFeQImgPijBRBhnqv8NntxzSVTFkqiDEdjBIbTIi2nAo2zXdTwxJCR2TAOo4qIpkJJvNTp/DUKX0YxdqVsnCu/pyYEGnMWIauUxI7NMveTPzP66Q2qgQTrpLUMkUXi6JUQBvD2d+wzzWjVowdIVRzdyukQ6IJtS6dvAsBL7/8lzRLPkY+vjsv1q6zOHLgGJyAM4DBJaiBW1AHDUDBADyBF/DqCe/Ze/PeF60rXjZzBH7B+/gGEKaNpQ==</latexit><latexit sha1_base64="Gx6bV+un97HJTf4g2PlI39bkb/I=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhiDc utYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5elXuFIvLLCFcvMER+qYyqFeQImgPijBRBhnqv8NntxzSVTFkqiDEdjBIbTIi2nAo2zXdTwxJCR2TAOo4qIpkJJvNTp/DUKX0YxdqVsnCu/pyYEGnMWIauUxI7NMveTPzP66Q2qgQTrpLUMkUXi6JUQBvD2d+wzzWjVowdIVRzdyukQ6IJtS6dvAsBL7/8lzRLPkY+vjsv1q6zOHLgGJyAM4DBJaiBW1AHDUDBADyBF/DqCe/Ze/PeF60rXjZzBH7B+/gGEKaNpQ==</latexit><latexit sha1_base64="Gx6bV+un97HJTf4g2PlI39bkb/I=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhiDc utYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5elXuFIvLLCFcvMER+qYyqFeQImgPijBRBhnqv8NntxzSVTFkqiDEdjBIbTIi2nAo2zXdTwxJCR2TAOo4qIpkJJvNTp/DUKX0YxdqVsnCu/pyYEGnMWIauUxI7NMveTPzP66Q2qgQTrpLUMkUXi6JUQBvD2d+wzzWjVowdIVRzdyukQ6IJtS6dvAsBL7/8lzRLPkY+vjsv1q6zOHLgGJyAM4DBJaiBW1AHDUDBADyBF/DqCe/Ze/PeF60rXjZzBH7B+/gGEKaNpQ==</latexit><latexit sha1_base64="Gx6bV+un97HJTf4g2PlI39bkb/I=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhiDc utYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5elXuFIvLLCFcvMER+qYyqFeQImgPijBRBhnqv8NntxzSVTFkqiDEdjBIbTIi2nAo2zXdTwxJCR2TAOo4qIpkJJvNTp/DUKX0YxdqVsnCu/pyYEGnMWIauUxI7NMveTPzP66Q2qgQTrpLUMkUXi6JUQBvD2d+wzzWjVowdIVRzdyukQ6IJtS6dvAsBL7/8lzRLPkY+vjsv1q6zOHLgGJyAM4DBJaiBW1AHDUDBADyBF/DqCe/Ze/PeF60rXjZzBH7B+/gGEKaNpQ==</latexit>
m = 6
<latexit sha1_base64="RsPszAa1fxebKSZfPQ+OaJEf0K4=">AAAB6nicbVDLSgMxFM3UV62vqks3wSK4GpJia7sQim5cVrQPaIeSSTNtaDIzJBmhDP0ENy4UcesXufNvTNtZaPXAhcM593LvPX4suDYIfTm5tfWNza38dmFnd2//oHh41NZRoihr0UhEqusTzQQPWctwI 1g3VoxIX7COP7mZ+51HpjSPwgczjZknySjkAafEWOleXlUHxRJyKwjXqxgit1xB9RqyBC0AcUZKIENzUPzsDyOaSBYaKojWPYxi46VEGU4FmxX6iWYxoRMyYj1LQyKZ9tLFqTN4ZpUhDCJlKzRwof6cSInUeip92ymJGetVby7+5/USE9S8lIdxYlhIl4uCREATwfnfcMgVo0ZMLSFUcXsrpGOiCDU2nYINAa++/Je0yy5GLr67KDWuszjy4AScgnOAwSVogFvQBC1AwQg8gRfw6gjn2Xlz3petOSebOQa/4Hx8AxIqjaY=</latexit><latexit sha1_base64="RsPszAa1fxebKSZfPQ+OaJEf0K4=">AAAB6nicbVDLSgMxFM3UV62vqks3wSK4GpJia7sQim5cVrQPaIeSSTNtaDIzJBmhDP0ENy4UcesXufNvTNtZaPXAhcM593LvPX4suDYIfTm5tfWNza38dmFnd2//oHh41NZRoihr0UhEqusTzQQPWctwI 1g3VoxIX7COP7mZ+51HpjSPwgczjZknySjkAafEWOleXlUHxRJyKwjXqxgit1xB9RqyBC0AcUZKIENzUPzsDyOaSBYaKojWPYxi46VEGU4FmxX6iWYxoRMyYj1LQyKZ9tLFqTN4ZpUhDCJlKzRwof6cSInUeip92ymJGetVby7+5/USE9S8lIdxYlhIl4uCREATwfnfcMgVo0ZMLSFUcXsrpGOiCDU2nYINAa++/Je0yy5GLr67KDWuszjy4AScgnOAwSVogFvQBC1AwQg8gRfw6gjn2Xlz3petOSebOQa/4Hx8AxIqjaY=</latexit><latexit sha1_base64="RsPszAa1fxebKSZfPQ+OaJEf0K4=">AAAB6nicbVDLSgMxFM3UV62vqks3wSK4GpJia7sQim5cVrQPaIeSSTNtaDIzJBmhDP0ENy4UcesXufNvTNtZaPXAhcM593LvPX4suDYIfTm5tfWNza38dmFnd2//oHh41NZRoihr0UhEqusTzQQPWctwI 1g3VoxIX7COP7mZ+51HpjSPwgczjZknySjkAafEWOleXlUHxRJyKwjXqxgit1xB9RqyBC0AcUZKIENzUPzsDyOaSBYaKojWPYxi46VEGU4FmxX6iWYxoRMyYj1LQyKZ9tLFqTN4ZpUhDCJlKzRwof6cSInUeip92ymJGetVby7+5/USE9S8lIdxYlhIl4uCREATwfnfcMgVo0ZMLSFUcXsrpGOiCDU2nYINAa++/Je0yy5GLr67KDWuszjy4AScgnOAwSVogFvQBC1AwQg8gRfw6gjn2Xlz3petOSebOQa/4Hx8AxIqjaY=</latexit><latexit sha1_base64="RsPszAa1fxebKSZfPQ+OaJEf0K4=">AAAB6nicbVDLSgMxFM3UV62vqks3wSK4GpJia7sQim5cVrQPaIeSSTNtaDIzJBmhDP0ENy4UcesXufNvTNtZaPXAhcM593LvPX4suDYIfTm5tfWNza38dmFnd2//oHh41NZRoihr0UhEqusTzQQPWctwI 1g3VoxIX7COP7mZ+51HpjSPwgczjZknySjkAafEWOleXlUHxRJyKwjXqxgit1xB9RqyBC0AcUZKIENzUPzsDyOaSBYaKojWPYxi46VEGU4FmxX6iWYxoRMyYj1LQyKZ9tLFqTN4ZpUhDCJlKzRwof6cSInUeip92ymJGetVby7+5/USE9S8lIdxYlhIl4uCREATwfnfcMgVo0ZMLSFUcXsrpGOiCDU2nYINAa++/Je0yy5GLr67KDWuszjy4AScgnOAwSVogFvQBC1AwQg8gRfw6gjn2Xlz3petOSebOQa/4Hx8AxIqjaY=</latexit>
1
<latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit>
1
<latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit> 1
<latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit>
m = 3
<latexit sha1_base64="kamIaEqSR6kLwJBFuRq8tsbNjkY=">AAAB6nicbVDLSgMxFM3UV62vqks3wSK4GpJqtV0IRTcuK9oHtEPJpJk2NJkZkoxQhn6CGxeKuPWL3Pk3pu0stHrgwuGce7n3Hj8WXBuEvpzcyura+kZ+s7C1vbO7V9w/aOkoUZQ1aSQi1fGJZoKHrGm4E awTK0akL1jbH9/M/PYjU5pH4YOZxMyTZBjygFNirHQvr876xRJyKwjXLjBEbrmCalVkCZoD4oyUQIZGv/jZG0Q0kSw0VBCtuxjFxkuJMpwKNi30Es1iQsdkyLqWhkQy7aXzU6fwxCoDGETKVmjgXP05kRKp9UT6tlMSM9LL3kz8z+smJqh6KQ/jxLCQLhYFiYAmgrO/4YArRo2YWEKo4vZWSEdEEWpsOgUbAl5++S9plV2MXHx3XqpfZ3HkwRE4BqcAg0tQB7egAZqAgiF4Ai/g1RHOs/PmvC9ac042cwh+wfn4Bg2ejaM=</latexit><latexit sha1_base64="kamIaEqSR6kLwJBFuRq8tsbNjkY=">AAAB6nicbVDLSgMxFM3UV62vqks3wSK4GpJqtV0IRTcuK9oHtEPJpJk2NJkZkoxQhn6CGxeKuPWL3Pk3pu0stHrgwuGce7n3Hj8WXBuEvpzcyura+kZ+s7C1vbO7V9w/aOkoUZQ1aSQi1fGJZoKHrGm4E awTK0akL1jbH9/M/PYjU5pH4YOZxMyTZBjygFNirHQvr876xRJyKwjXLjBEbrmCalVkCZoD4oyUQIZGv/jZG0Q0kSw0VBCtuxjFxkuJMpwKNi30Es1iQsdkyLqWhkQy7aXzU6fwxCoDGETKVmjgXP05kRKp9UT6tlMSM9LL3kz8z+smJqh6KQ/jxLCQLhYFiYAmgrO/4YArRo2YWEKo4vZWSEdEEWpsOgUbAl5++S9plV2MXHx3XqpfZ3HkwRE4BqcAg0tQB7egAZqAgiF4Ai/g1RHOs/PmvC9ac042cwh+wfn4Bg2ejaM=</latexit><latexit sha1_base64="kamIaEqSR6kLwJBFuRq8tsbNjkY=">AAAB6nicbVDLSgMxFM3UV62vqks3wSK4GpJqtV0IRTcuK9oHtEPJpJk2NJkZkoxQhn6CGxeKuPWL3Pk3pu0stHrgwuGce7n3Hj8WXBuEvpzcyura+kZ+s7C1vbO7V9w/aOkoUZQ1aSQi1fGJZoKHrGm4E awTK0akL1jbH9/M/PYjU5pH4YOZxMyTZBjygFNirHQvr876xRJyKwjXLjBEbrmCalVkCZoD4oyUQIZGv/jZG0Q0kSw0VBCtuxjFxkuJMpwKNi30Es1iQsdkyLqWhkQy7aXzU6fwxCoDGETKVmjgXP05kRKp9UT6tlMSM9LL3kz8z+smJqh6KQ/jxLCQLhYFiYAmgrO/4YArRo2YWEKo4vZWSEdEEWpsOgUbAl5++S9plV2MXHx3XqpfZ3HkwRE4BqcAg0tQB7egAZqAgiF4Ai/g1RHOs/PmvC9ac042cwh+wfn4Bg2ejaM=</latexit><latexit sha1_base64="kamIaEqSR6kLwJBFuRq8tsbNjkY=">AAAB6nicbVDLSgMxFM3UV62vqks3wSK4GpJqtV0IRTcuK9oHtEPJpJk2NJkZkoxQhn6CGxeKuPWL3Pk3pu0stHrgwuGce7n3Hj8WXBuEvpzcyura+kZ+s7C1vbO7V9w/aOkoUZQ1aSQi1fGJZoKHrGm4E awTK0akL1jbH9/M/PYjU5pH4YOZxMyTZBjygFNirHQvr876xRJyKwjXLjBEbrmCalVkCZoD4oyUQIZGv/jZG0Q0kSw0VBCtuxjFxkuJMpwKNi30Es1iQsdkyLqWhkQy7aXzU6fwxCoDGETKVmjgXP05kRKp9UT6tlMSM9LL3kz8z+smJqh6KQ/jxLCQLhYFiYAmgrO/4YArRo2YWEKo4vZWSEdEEWpsOgUbAl5++S9plV2MXHx3XqpfZ3HkwRE4BqcAg0tQB7egAZqAgiF4Ai/g1RHOs/PmvC9ac042cwh+wfn4Bg2ejaM=</latexit>
m = 2
<latexit sha1_base64="gncOplcdNA1pmZfBME0OAk/wx7w=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhiDc utYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5elXqFIvLLCFcvMER+qYyqFeQImgPijBRBhnqv8NntxzSVTFkqiDEdjBIbTIi2nAo2zXdTwxJCR2TAOo4qIpkJJvNTp/DUKX0YxdqVsnCu/pyYEGnMWIauUxI7NMveTPzP66Q2qgQTrpLUMkUXi6JUQBvD2d+wzzWjVowdIVRzdyukQ6IJtS6dvAsBL7/8lzRLPkY+vjsv1q6zOHLgGJyAM4DBJaiBW1AHDUDBADyBF/DqCe/Ze/PeF60rXjZzBH7B+/gGDBqNog==</latexit><latexit sha1_base64="gncOplcdNA1pmZfBME0OAk/wx7w=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhiDc utYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5elXqFIvLLCFcvMER+qYyqFeQImgPijBRBhnqv8NntxzSVTFkqiDEdjBIbTIi2nAo2zXdTwxJCR2TAOo4qIpkJJvNTp/DUKX0YxdqVsnCu/pyYEGnMWIauUxI7NMveTPzP66Q2qgQTrpLUMkUXi6JUQBvD2d+wzzWjVowdIVRzdyukQ6IJtS6dvAsBL7/8lzRLPkY+vjsv1q6zOHLgGJyAM4DBJaiBW1AHDUDBADyBF/DqCe/Ze/PeF60rXjZzBH7B+/gGDBqNog==</latexit><latexit sha1_base64="gncOplcdNA1pmZfBME0OAk/wx7w=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhiDc utYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5elXqFIvLLCFcvMER+qYyqFeQImgPijBRBhnqv8NntxzSVTFkqiDEdjBIbTIi2nAo2zXdTwxJCR2TAOo4qIpkJJvNTp/DUKX0YxdqVsnCu/pyYEGnMWIauUxI7NMveTPzP66Q2qgQTrpLUMkUXi6JUQBvD2d+wzzWjVowdIVRzdyukQ6IJtS6dvAsBL7/8lzRLPkY+vjsv1q6zOHLgGJyAM4DBJaiBW1AHDUDBADyBF/DqCe/Ze/PeF60rXjZzBH7B+/gGDBqNog==</latexit><latexit sha1_base64="gncOplcdNA1pmZfBME0OAk/wx7w=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhiDc utYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5elXqFIvLLCFcvMER+qYyqFeQImgPijBRBhnqv8NntxzSVTFkqiDEdjBIbTIi2nAo2zXdTwxJCR2TAOo4qIpkJJvNTp/DUKX0YxdqVsnCu/pyYEGnMWIauUxI7NMveTPzP66Q2qgQTrpLUMkUXi6JUQBvD2d+wzzWjVowdIVRzdyukQ6IJtS6dvAsBL7/8lzRLPkY+vjsv1q6zOHLgGJyAM4DBJaiBW1AHDUDBADyBF/DqCe/Ze/PeF60rXjZzBH7B+/gGDBqNog==</latexit>m = 1
<latexit sha1_base64="giNNH9Hh9d9khhPSKr33dbn4WPU=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhi DcutYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5e4V6hiPwywtULDJFfKqNqBTmC5oA4I0WQod4rfHb7MU0lU5YKYkwHo8QGE6Itp4JN893UsITQERmwjqOKSGaCyfzUKTx1Sh9GsXalLJyrPycmRBozlqHrlMQOzbI3E//zOqmNKsGEqyS1TNHFoigV0MZw9jfsc82oFWNHCNXc3QrpkGhCrUsn70LAyy//Jc2Sj5GP786Ltessjhw4BifgDGBwCWrgFtRBA1AwAE/gBbx6wnv23rz3ReuKl80cgV/wPr4BCpaNoQ==</latexit><latexit sha1_base64="giNNH9Hh9d9khhPSKr33dbn4WPU=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhi DcutYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5e4V6hiPwywtULDJFfKqNqBTmC5oA4I0WQod4rfHb7MU0lU5YKYkwHo8QGE6Itp4JN893UsITQERmwjqOKSGaCyfzUKTx1Sh9GsXalLJyrPycmRBozlqHrlMQOzbI3E//zOqmNKsGEqyS1TNHFoigV0MZw9jfsc82oFWNHCNXc3QrpkGhCrUsn70LAyy//Jc2Sj5GP786Ltessjhw4BifgDGBwCWrgFtRBA1AwAE/gBbx6wnv23rz3ReuKl80cgV/wPr4BCpaNoQ==</latexit><latexit sha1_base64="giNNH9Hh9d9khhPSKr33dbn4WPU=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhi DcutYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5e4V6hiPwywtULDJFfKqNqBTmC5oA4I0WQod4rfHb7MU0lU5YKYkwHo8QGE6Itp4JN893UsITQERmwjqOKSGaCyfzUKTx1Sh9GsXalLJyrPycmRBozlqHrlMQOzbI3E//zOqmNKsGEqyS1TNHFoigV0MZw9jfsc82oFWNHCNXc3QrpkGhCrUsn70LAyy//Jc2Sj5GP786Ltessjhw4BifgDGBwCWrgFtRBA1AwAE/gBbx6wnv23rz3ReuKl80cgV/wPr4BCpaNoQ==</latexit><latexit sha1_base64="giNNH9Hh9d9khhPSKr33dbn4WPU=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhi DcutYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5e4V6hiPwywtULDJFfKqNqBTmC5oA4I0WQod4rfHb7MU0lU5YKYkwHo8QGE6Itp4JN893UsITQERmwjqOKSGaCyfzUKTx1Sh9GsXalLJyrPycmRBozlqHrlMQOzbI3E//zOqmNKsGEqyS1TNHFoigV0MZw9jfsc82oFWNHCNXc3QrpkGhCrUsn70LAyy//Jc2Sj5GP786Ltessjhw4BifgDGBwCWrgFtRBA1AwAE/gBbx6wnv23rz3ReuKl80cgV/wPr4BCpaNoQ==</latexit>
(a)
<latexit sha1_base64="OgmmF/uTRgUZiC88x4RBtPBzJJE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh 6LXjxWtB/QhjLZbtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvp357SemNI/lo5kkzI9wKHnIKRorPVTxvF+uuDV3DrJKvJxUIEej X/7qDWKaRkwaKlDrrucmxs9QGU4Fm5Z6qWYJ0jEOWddSiRHTfjY/dUrOrDIgYaxsSUPm6u+JDCOtJ1FgOyM0I73szcT/vG5qwms/4zJJDZN0sShMBTExmf1NBlwxasTEEqSK21sJHaFCamw6JRuCt/zyKmld1Dy35t1fVuo3eRxFOIFTqII HV1CHO2hAEygM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCIq41K</latexit><latexit sha1_base64="OgmmF/uTRgUZiC88x4RBtPBzJJE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh 6LXjxWtB/QhjLZbtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvp357SemNI/lo5kkzI9wKHnIKRorPVTxvF+uuDV3DrJKvJxUIEej X/7qDWKaRkwaKlDrrucmxs9QGU4Fm5Z6qWYJ0jEOWddSiRHTfjY/dUrOrDIgYaxsSUPm6u+JDCOtJ1FgOyM0I73szcT/vG5qwms/4zJJDZN0sShMBTExmf1NBlwxasTEEqSK21sJHaFCamw6JRuCt/zyKmld1Dy35t1fVuo3eRxFOIFTqII HV1CHO2hAEygM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCIq41K</latexit><latexit sha1_base64="OgmmF/uTRgUZiC88x4RBtPBzJJE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh 6LXjxWtB/QhjLZbtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvp357SemNI/lo5kkzI9wKHnIKRorPVTxvF+uuDV3DrJKvJxUIEej X/7qDWKaRkwaKlDrrucmxs9QGU4Fm5Z6qWYJ0jEOWddSiRHTfjY/dUrOrDIgYaxsSUPm6u+JDCOtJ1FgOyM0I73szcT/vG5qwms/4zJJDZN0sShMBTExmf1NBlwxasTEEqSK21sJHaFCamw6JRuCt/zyKmld1Dy35t1fVuo3eRxFOIFTqII HV1CHO2hAEygM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCIq41K</latexit><latexit sha1_base64="OgmmF/uTRgUZiC88x4RBtPBzJJE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh 6LXjxWtB/QhjLZbtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvp357SemNI/lo5kkzI9wKHnIKRorPVTxvF+uuDV3DrJKvJxUIEej X/7qDWKaRkwaKlDrrucmxs9QGU4Fm5Z6qWYJ0jEOWddSiRHTfjY/dUrOrDIgYaxsSUPm6u+JDCOtJ1FgOyM0I73szcT/vG5qwms/4zJJDZN0sShMBTExmf1NBlwxasTEEqSK21sJHaFCamw6JRuCt/zyKmld1Dy35t1fVuo3eRxFOIFTqII HV1CHO2hAEygM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gCIq41K</latexit>
(b)
<latexit sha1_base64="nvmtgWEx7qwPdQ+Ek+1IsFecZyE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh 6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSQzU475crbs2dg6wSLycVyNHo l796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHluzbu/rNRv8jiKcAKnUAU PrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AGKMI1L</latexit><latexit sha1_base64="nvmtgWEx7qwPdQ+Ek+1IsFecZyE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh 6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSQzU475crbs2dg6wSLycVyNHo l796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHluzbu/rNRv8jiKcAKnUAU PrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AGKMI1L</latexit><latexit sha1_base64="nvmtgWEx7qwPdQ+Ek+1IsFecZyE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh 6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSQzU475crbs2dg6wSLycVyNHo l796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHluzbu/rNRv8jiKcAKnUAU PrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AGKMI1L</latexit><latexit sha1_base64="nvmtgWEx7qwPdQ+Ek+1IsFecZyE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh 6LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSQzU475crbs2dg6wSLycVyNHo l796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHluzbu/rNRv8jiKcAKnUAU PrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AGKMI1L</latexit>
1
<latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit>
1
<latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit>
1
<latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit>
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1
<latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit>
1
<latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit><latexit sha1_base64="QMn0GDlFeEQtIfFo0jBOm4a72Hw=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoM egF48JmAckS5id9CZjZmeWmVkhLPkCLx4U8eonefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx9cxv36M2XMlbO0kxTOhQ8pgzap3UCPrlSlD15yB/kwosUe+X33sD xbIEpWWCGtMN/NSGOdWWM4HTUi8zmFI2pkPsOippgibM54dOyYlTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxZZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvS/0JonVUDvxo0ziu1q2UcRTiCYziFAC6gBjdQhyY wQHiAJ3j27rxH78V7XbQWvOXMIXyD9/YJfwKMuA==</latexit>
m = 1
<latexit sha1_base64="giNNH9Hh9d9khhPSKr33dbn4WPU=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhi DcutYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5e4V6hiPwywtULDJFfKqNqBTmC5oA4I0WQod4rfHb7MU0lU5YKYkwHo8QGE6Itp4JN893UsITQERmwjqOKSGaCyfzUKTx1Sh9GsXalLJyrPycmRBozlqHrlMQOzbI3E//zOqmNKsGEqyS1TNHFoigV0MZw9jfsc82oFWNHCNXc3QrpkGhCrUsn70LAyy//Jc2Sj5GP786Ltessjhw4BifgDGBwCWrgFtRBA1AwAE/gBbx6wnv23rz3ReuKl80cgV/wPr4BCpaNoQ==</latexit><latexit sha1_base64="giNNH9Hh9d9khhPSKr33dbn4WPU=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhi DcutYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5e4V6hiPwywtULDJFfKqNqBTmC5oA4I0WQod4rfHb7MU0lU5YKYkwHo8QGE6Itp4JN893UsITQERmwjqOKSGaCyfzUKTx1Sh9GsXalLJyrPycmRBozlqHrlMQOzbI3E//zOqmNKsGEqyS1TNHFoigV0MZw9jfsc82oFWNHCNXc3QrpkGhCrUsn70LAyy//Jc2Sj5GP786Ltessjhw4BifgDGBwCWrgFtRBA1AwAE/gBbx6wnv23rz3ReuKl80cgV/wPr4BCpaNoQ==</latexit><latexit sha1_base64="giNNH9Hh9d9khhPSKr33dbn4WPU=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhi DcutYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5e4V6hiPwywtULDJFfKqNqBTmC5oA4I0WQod4rfHb7MU0lU5YKYkwHo8QGE6Itp4JN893UsITQERmwjqOKSGaCyfzUKTx1Sh9GsXalLJyrPycmRBozlqHrlMQOzbI3E//zOqmNKsGEqyS1TNHFoigV0MZw9jfsc82oFWNHCNXc3QrpkGhCrUsn70LAyy//Jc2Sj5GP786Ltessjhw4BifgDGBwCWrgFtRBA1AwAE/gBbx6wnv23rz3ReuKl80cgV/wPr4BCpaNoQ==</latexit><latexit sha1_base64="giNNH9Hh9d9khhPSKr33dbn4WPU=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhi DcutYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5e4V6hiPwywtULDJFfKqNqBTmC5oA4I0WQod4rfHb7MU0lU5YKYkwHo8QGE6Itp4JN893UsITQERmwjqOKSGaCyfzUKTx1Sh9GsXalLJyrPycmRBozlqHrlMQOzbI3E//zOqmNKsGEqyS1TNHFoigV0MZw9jfsc82oFWNHCNXc3QrpkGhCrUsn70LAyy//Jc2Sj5GP786Ltessjhw4BifgDGBwCWrgFtRBA1AwAE/gBbx6wnv23rz3ReuKl80cgV/wPr4BCpaNoQ==</latexit>
m = 2
<latexit sha1_base64="gncOplcdNA1pmZfBME0OAk/wx7w=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhiDc utYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5elXqFIvLLCFcvMER+qYyqFeQImgPijBRBhnqv8NntxzSVTFkqiDEdjBIbTIi2nAo2zXdTwxJCR2TAOo4qIpkJJvNTp/DUKX0YxdqVsnCu/pyYEGnMWIauUxI7NMveTPzP66Q2qgQTrpLUMkUXi6JUQBvD2d+wzzWjVowdIVRzdyukQ6IJtS6dvAsBL7/8lzRLPkY+vjsv1q6zOHLgGJyAM4DBJaiBW1AHDUDBADyBF/DqCe/Ze/PeF60rXjZzBH7B+/gGDBqNog==</latexit><latexit sha1_base64="gncOplcdNA1pmZfBME0OAk/wx7w=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhiDc utYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5elXqFIvLLCFcvMER+qYyqFeQImgPijBRBhnqv8NntxzSVTFkqiDEdjBIbTIi2nAo2zXdTwxJCR2TAOo4qIpkJJvNTp/DUKX0YxdqVsnCu/pyYEGnMWIauUxI7NMveTPzP66Q2qgQTrpLUMkUXi6JUQBvD2d+wzzWjVowdIVRzdyukQ6IJtS6dvAsBL7/8lzRLPkY+vjsv1q6zOHLgGJyAM4DBJaiBW1AHDUDBADyBF/DqCe/Ze/PeF60rXjZzBH7B+/gGDBqNog==</latexit><latexit sha1_base64="gncOplcdNA1pmZfBME0OAk/wx7w=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhiDc utYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5elXqFIvLLCFcvMER+qYyqFeQImgPijBRBhnqv8NntxzSVTFkqiDEdjBIbTIi2nAo2zXdTwxJCR2TAOo4qIpkJJvNTp/DUKX0YxdqVsnCu/pyYEGnMWIauUxI7NMveTPzP66Q2qgQTrpLUMkUXi6JUQBvD2d+wzzWjVowdIVRzdyukQ6IJtS6dvAsBL7/8lzRLPkY+vjsv1q6zOHLgGJyAM4DBJaiBW1AHDUDBADyBF/DqCe/Ze/PeF60rXjZzBH7B+/gGDBqNog==</latexit><latexit sha1_base64="gncOplcdNA1pmZfBME0OAk/wx7w=">AAAB6nicbVDLSgMxFM34rPVVdekmWARXQ1Kstguh6MZlRfuAdiiZNNOGJpkhyQil9BPcuFDErV/kzr8xbWeh1QMXDufcy733hIngxiL05a2srq1vbOa28ts7u3v7hYPDpolTTVmDxiLW7ZAYJrhiDc utYO1EMyJDwVrh6Gbmtx6ZNjxWD3acsECSgeIRp8Q66V5elXqFIvLLCFcvMER+qYyqFeQImgPijBRBhnqv8NntxzSVTFkqiDEdjBIbTIi2nAo2zXdTwxJCR2TAOo4qIpkJJvNTp/DUKX0YxdqVsnCu/pyYEGnMWIauUxI7NMveTPzP66Q2qgQTrpLUMkUXi6JUQBvD2d+wzzWjVowdIVRzdyukQ6IJtS6dvAsBL7/8lzRLPkY+vjsv1q6zOHLgGJyAM4DBJaiBW1AHDUDBADyBF/DqCe/Ze/PeF60rXjZzBH7B+/gGDBqNog==</latexit>
m = 3
<latexit sha1_base64="kamIaEqSR6kLwJBFuRq8tsbNjkY=">AAAB6nicbVDLSgMxFM3UV62vqks3wSK4GpJqtV0IRTcuK9oHtEPJpJk2NJkZkoxQhn6CGxeKuPWL3Pk3pu0stHrgwuGce7n3Hj8WXBuEvpzcyura+kZ+s7C1vbO7V9w/aOkoUZQ1aSQi1fGJZoKHrGm4E awTK0akL1jbH9/M/PYjU5pH4YOZxMyTZBjygFNirHQvr876xRJyKwjXLjBEbrmCalVkCZoD4oyUQIZGv/jZG0Q0kSw0VBCtuxjFxkuJMpwKNi30Es1iQsdkyLqWhkQy7aXzU6fwxCoDGETKVmjgXP05kRKp9UT6tlMSM9LL3kz8z+smJqh6KQ/jxLCQLhYFiYAmgrO/4YArRo2YWEKo4vZWSEdEEWpsOgUbAl5++S9plV2MXHx3XqpfZ3HkwRE4BqcAg0tQB7egAZqAgiF4Ai/g1RHOs/PmvC9ac042cwh+wfn4Bg2ejaM=</latexit><latexit sha1_base64="kamIaEqSR6kLwJBFuRq8tsbNjkY=">AAAB6nicbVDLSgMxFM3UV62vqks3wSK4GpJqtV0IRTcuK9oHtEPJpJk2NJkZkoxQhn6CGxeKuPWL3Pk3pu0stHrgwuGce7n3Hj8WXBuEvpzcyura+kZ+s7C1vbO7V9w/aOkoUZQ1aSQi1fGJZoKHrGm4E awTK0akL1jbH9/M/PYjU5pH4YOZxMyTZBjygFNirHQvr876xRJyKwjXLjBEbrmCalVkCZoD4oyUQIZGv/jZG0Q0kSw0VBCtuxjFxkuJMpwKNi30Es1iQsdkyLqWhkQy7aXzU6fwxCoDGETKVmjgXP05kRKp9UT6tlMSM9LL3kz8z+smJqh6KQ/jxLCQLhYFiYAmgrO/4YArRo2YWEKo4vZWSEdEEWpsOgUbAl5++S9plV2MXHx3XqpfZ3HkwRE4BqcAg0tQB7egAZqAgiF4Ai/g1RHOs/PmvC9ac042cwh+wfn4Bg2ejaM=</latexit><latexit sha1_base64="kamIaEqSR6kLwJBFuRq8tsbNjkY=">AAAB6nicbVDLSgMxFM3UV62vqks3wSK4GpJqtV0IRTcuK9oHtEPJpJk2NJkZkoxQhn6CGxeKuPWL3Pk3pu0stHrgwuGce7n3Hj8WXBuEvpzcyura+kZ+s7C1vbO7V9w/aOkoUZQ1aSQi1fGJZoKHrGm4E awTK0akL1jbH9/M/PYjU5pH4YOZxMyTZBjygFNirHQvr876xRJyKwjXLjBEbrmCalVkCZoD4oyUQIZGv/jZG0Q0kSw0VBCtuxjFxkuJMpwKNi30Es1iQsdkyLqWhkQy7aXzU6fwxCoDGETKVmjgXP05kRKp9UT6tlMSM9LL3kz8z+smJqh6KQ/jxLCQLhYFiYAmgrO/4YArRo2YWEKo4vZWSEdEEWpsOgUbAl5++S9plV2MXHx3XqpfZ3HkwRE4BqcAg0tQB7egAZqAgiF4Ai/g1RHOs/PmvC9ac042cwh+wfn4Bg2ejaM=</latexit><latexit sha1_base64="kamIaEqSR6kLwJBFuRq8tsbNjkY=">AAAB6nicbVDLSgMxFM3UV62vqks3wSK4GpJqtV0IRTcuK9oHtEPJpJk2NJkZkoxQhn6CGxeKuPWL3Pk3pu0stHrgwuGce7n3Hj8WXBuEvpzcyura+kZ+s7C1vbO7V9w/aOkoUZQ1aSQi1fGJZoKHrGm4E awTK0akL1jbH9/M/PYjU5pH4YOZxMyTZBjygFNirHQvr876xRJyKwjXLjBEbrmCalVkCZoD4oyUQIZGv/jZG0Q0kSw0VBCtuxjFxkuJMpwKNi30Es1iQsdkyLqWhkQy7aXzU6fwxCoDGETKVmjgXP05kRKp9UT6tlMSM9LL3kz8z+smJqh6KQ/jxLCQLhYFiYAmgrO/4YArRo2YWEKo4vZWSEdEEWpsOgUbAl5++S9plV2MXHx3XqpfZ3HkwRE4BqcAg0tQB7egAZqAgiF4Ai/g1RHOs/PmvC9ac042cwh+wfn4Bg2ejaM=</latexit>
m = 4
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FIG. 1. Manhattan physics for SU(N) magnets. Qualitative real-
space two-site correlation pattern in the high-temperature regime
JTU of the SU(N) Heisenberg model on different geometries:
(a) one dimensional chain, (b) square lattice and (c) kagome lattice.
Blue (red) denotes a negative (positive) correlation with the refer-
ence site (empty circle symbol). The sign of the correlator only de-
pends on the Manhattan distance m to the reference site. The dot-
ted brown line connects equidistant sites from the reference site and
forms Manhattan-shells denoted by m, i.e. nearest neighbors to the
reference site are found in the first shell m = 1, then at distance
two m = 2 the second shell, etc.. The prefactor gpaths(r) of the
corresponding correlator is indicated at the lattice sites. gpaths(r)
counts the number of possible paths connecting the two sites with m
Manhattan distance steps (using only nearest neighbor bonds).
III. SPIN CORRELATIONS AT HIGH TEMPERATURE
We start with a simple, but insightful, high-temperature se-
ries consideration. We are interested in the following temper-
ature dependent spin correlations at distance r 6= 0 [97]:
Cspin(T, r) = Tr
[
ρˆ(T )
∑
A
SA0 S
A
r
]
(4)
The density matrix
ρˆ(T ) =
exp(−HHB/T )
Z(T )
(5)
is the standard normalized canonical Gibbs density matrix (we
set kB = 1), where Z(T ) = Tr[exp(−HHB/T )] denotes the
partition function. We assume a translation invariant situa-
tion and choose the reference site at the origin 0. For other
observables suitable to capture SU(N) spin correlations and
their relation, please refer to App. A.
At infinite temperature (T/J = ∞) in the spin model (2)
all spin correlations as defined above vanish (c.f. App. A),
irrespective of the value of N .
Let us now discuss the leading order behaviour in βJ =
J/T for a correlation at distance r for a general lattice made
of nearest neighbour bonds of the same strength. Standard
linked cluster arguments for high-temperature series [95] im-
ply that the correlator at distance r starts at an order k in (βJ)
which is directly linked to the Manhattan distance m between
the origin 0 and site r. In Fig. 1 we indicate the Manhattan dis-
tancem between the reference site and a few shells of sites on
(a) the linear chain, (b) the square lattice and (c) the kagome
3lattice for illustration. The structure on other lattices can be
derived accordingly. As discussed below an additional ele-
ment of the leading order expression concerns the number of
shortest paths gpaths(r), measured in the Manhattan metric,
which link the origin to the site of interest. These numbers
gpaths(r) are marked in the site circles in Fig. 1.
The considerations so far are independent of the actual
Hamiltonian, as long as it consists only of nearest neighbor
bonds on the lattice. There are also interesting connections
to the short-time expansion of correlations when starting from
an uncorrelated product state, as recently discussed and ex-
perimentally demonstrated in a Rydberg quantum magnetism
experiment on square and the triangular lattices [98].
For our Hamiltonian at hand, when written in the permu-
tation formulation (3), it is possible to explicitly calculate the
coefficient of the leading order high-temperature expression
symbolically for allN [71, 72] for the first few orders k ≤ 12.
Given the simple structure of the terms we conjecture that the
expression holds for all k. Based on these results we are now
in a position to present the leading order high-temperature ex-
pression for generalN on any lattice in any dimension, as long
as the Hamiltonian (2) only contains nearest-neighour bonds
of equal strength:
Cspin(T, r) =
gpaths(r)
2
(−K)m
(
1
Nm−1
− 1
Nm+1
)
+O(Km+1), (6)
where K = βJ/2, and m is the Manhattan distance between
sites 0 and r on the considered lattice, while gpaths(r) counts
the number paths between the two sites of lengthm, measured
in the Manhattan metric.
This is a central result of our work. The expression (6) al-
lows us to predict both the real-space structure of the correla-
tions, and their relativeN dependence in the high-temperature
regime of Hamiltonian (2), within the limits of its applicabil-
ity, to be discussed below.
As one can see from the term (−K)m, the spin correlations
are alternating in sign from one Manhattan shell to the next,
starting with the nearest-neighbour correlations being nega-
tive, i.e. antiferromagnetic, as expected for an antiferromag-
netic spin Hamiltonian. This feature has been noticed be-
fore in earlier work on linear chains [71] and the cubic lat-
tice [73]. Furthermore sites within the same Manhattan shell
m are more correlated by a factor gpaths(r), when multiple
paths link the two considered sites. These enhancement fac-
tors are displayed in the circles in Fig. 1.
The dependence on N in SU(N) is also remarkable. For
m = 1, i.e. nearest neighbours, the correlations are propor-
tional to (1 − 1/N2), indicating that the correlations are ac-
tually increasing with N and converging to a constant value
at large N (for a given K). This is also an important feature,
and its thermodynamic implications will be discussed further
in Sec. V. For more distant sites with m > 1 the correlations
are proportional to (1/Nm−1 − 1/Nm+1) indicating that the
correlations decrease rapidly in magnitude with m and con-
verge towards zero asN grows, and even more strongly so for
larger m.
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FIG. 2. Real space spin correlations on the square lattice for two
different temperatures: T/J = 50 for the upper panel (with dis-
tances m = 1, 2, 3) and T/J = 1.5 for the lower panel (for the
same distances). The empty circles denote numerical exact diago-
nalization results while the crosses correspond to the leading order
high-temperature series result presented in Eq. (6).
As a first step towards addressing the range of applica-
bility of the leading-order high temperature series argument
just developed, we display in Fig. 2 numerical exact diag-
onalization results for several finite-size square lattice clus-
ters at different temperatures T/J and distances m as a func-
tion of N ∈ {2, . . . , 10} [99]. In the upper three panels of
Fig. 2 we start at a rather high temperature of T/J = 50.
We show three panels, one for each m = 1 (black), 2 (red),
and 3 (blue). At this temperature, for the distances shown,
the agreement between the high-temperature series expansion
result (6) (crosses) and the ED results (circles) is very good.
One can also clearly see the rapid decay of the correlations
with the distance m and, for m > 1, with N . The values of
the correlations themselves are extremely small at this tem-
perature. For the substantially lower temperature T/J = 1.5
the lower three panels highlight how the quantitative agree-
ment between the result (6) and the numerics starts to dete-
riorate, however the qualitative trends remain unaltered and
even a semi-quantitative agreement is visible. These numeri-
cal results provide strong evidence that the Manhattan picture
introduced here prevails for a sizeable range in temperature
4and spatial extent for a broad range of values of N .
IV. DISORDER TEMPERATURES AND LIFSHITZ
TRANSITIONS
In this section we study in more detail for which distances
and temperatures the Manhattan picture starts to break down.
The ground state physics of the spin Hamiltonian (2) has been
explored for many values ofN and lattice geometries over the
last decades, see e.g. Refs. [4, 51, 75–92], and in most cases
the structure of the ground states differs qualitatively from the
Manhattan picture advocated in the previous section. Based
on the current understanding, we expect only bipartite lattices
with N = 2 to show a common sign structure of correlations
from high to low temperatures. In all other cases we have to
assume the Manhattan picture to break down at some temper-
ature in one way or the other. In the following we discuss
some scenarios on how this breakdown might occur.
We start a few general considerations and discuss the no-
tions of a disorder temperature, a Lifshitz temperature, and a
thermal first order phase transition. We then apply these no-
tions to discuss the well understood one-dimensional chain
case for N = 3 first, and then switch to two-dimensional
square lattices, where we focus on N = 3 and N = 4. We
close this section with a brief analysis of the N = 3 model on
the triangular lattice.
1. Disorder temperature TD(Ns)
For each distance, the high-temperature expansion starts
with the expression given by Eq. (6). We have however no de-
tailed understanding of the form of the coefficient of the next
order contribution in the high-temperature expansion. Such an
analysis would require a fully fledged series expansion ma-
chinery as in Refs. [71–73], which is however not the goal
of the present work. In order to quantify the deviation we
follow an idea put forward in the context of commensurate-
incommensurate transitions of short-range ordered magnetic
systems [100–102]. In such systems, the transition from a
commensurate regime to an incommensurate regime can be
detected in real-space or momentum space. In real space, one
diagnostic is to determine the transition point (as a function of
a parameter, such as a coupling in the Hamiltonian, or in our
case the temperature T/J) by locating the first sign change
in a correlator at any distance deviating from the commensu-
rate structure. In our case the commensurate region is the one
with the alternating Manhattan shell structure. The parameter
location is called a disorder point. Since in our case at hand
we are interested in the temperature dependence, we call this
system size dependent temperature, the disorder temperature
TD(Ns). Note that this temperature does not necessarily in-
dicate a thermodynamic phase transition, just a change in the
nature of short range correlations.
2. Lifshitz temperature TL(Ns)
Another diagnostic to track the change from commensurate
to incommensurate behaviour is to determine when the peak
in the corresponding structure factor is moving away from a
commensurate location. The structure factor is defined as the
Fourier transform of the real-space correlations:
S(T,k) = N
2 − 1
2N
+
∑
r6=0
(Cspin(T, r) exp[ik · r]) . (7)
In two of the specific geometries discussed below, the linear
chain and the square lattice, the Manhattan shell structure of
correlations in real space leads to a peak in the structure factor
at momentum pi or (pi, pi) respectively. We can then track the
structure factor as a function of temperature T/J and detect
the first temperature, coming from T/J = ∞, where the lo-
cation of the maximum starts to deviate continuously from pi
or (pi, pi), as in a bifurcation transition. This (possibly finite-
size dependent) temperature is called the Lifshitz temperature
TL(Ns). In analogy to the disorder temperature, the Lifshitz
temperature is not necessarily an indication for a thermody-
namic phase transition.
3. First order phase transition
In dimensions higher than one, another distinct possibility
is that the Manhattan regime is separated from one or sev-
eral low-temperature regimes by a genuine thermal first or-
der phase transition. In such a scenario correlations in real
space would change discontinously for many distances, and
the structure factor location is also expected to jump disconti-
nously away from the commensurate position.
A. One-dimensional N = 3 chain
As a warm-up application of these notions we discuss the
SU(3) spin chain. The disorder temperature has not been dis-
cussed yet for SU(N) Heisenberg chains, to the best of our
knowledge. The Lifshitz temperature has been discussed un-
der a different name in Ref. [71].
For all N the Manhattan regime of one-dimensional chains
is characterized by alternating correlations as shown in
Fig. 1(a) and a maximum in the structure factor at wave vec-
tor k = pi. We proceed by analyzing finite-size complete
ED results for SU(3) chains up to Ns = 15. For each fi-
nite system size at high enough temperature the sign (and
approximate values) of the correlations are given by Eq. (6).
In Fig. 3(a) we display the real-space correlations as a func-
tion of the temperature T/J for a system size Ns = 15.
For high temperatures all real-space correlators indeed ex-
hibit the sign predicted by the Manhattan regime, i.e. the
correlations alternate from one site to the next. However at
T/J = TD(Ns = 15)/J ≈ 0.62J the first correlator changes
its sign, see the inset for m = 7 in Fig. 3(a). At even lower
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FIG. 3. Temperature dependence of spin correlations in the one-dimensional SU(3) Heisenberg model: (a) Real-space spin-spin correla-
tions Cspin(T,m) between sites at distance m as a function of temperature T/J for a Ns = 15 sites chain. The inset resolves the sign change
occurring as a function of T/J for the m = 7 correlator. (b) Disorder temperature TD(Ns)/J as a function of system size Ns. (c) Static
structure factor as a function of temperature T/J . The vertical red dotted and dashed dotted lines indicate the finite size bifurcation temperature
TL(Ns = 15)/J ≈ 0.24 (on the periodic 15-site chain) and the estimated infinite system size Lifshitz temperature TL(∞)/J = 0.281(5).
(d) Evolution of the peak location k/pi of the structure factor as a function of temperature T/J for different chain lengths Ns. Dashed dotted
lines are finite-size ED data and display jumps when the peaks transition from one finite size momentum to another, using a temperature grid
of ∆T/J = 0.005. Solid lines with symbols correspond to results obtained using the continuous structure factor ansatz of App. C.
temperatures other correlators change their sign, e.g. at dis-
tance m = 2 the correlation changes sign around T/J ≈ 0.3.
In Fig. 3(b) we plot the system size dependence of TD(Ns)/J
for the SU(3) linear chain. We observe a substantial drift of
these disorder temperatures towards higher values as Ns in-
creases [103]. It is not clear to us whether this disorder tem-
perature will drift to infinite temperature as the system size
increases, or wether it will converge to a finite value TD(∞).
Assuming the scenario of a finite disorder temperature, a lin-
ear extrapolation in 1/Ns yields TD(∞)/J ≈ 0.74(2). Ir-
respective of this uncertainty, we interpret our observations
as an indication that the real-space extent and the tempera-
ture extent of our proposed Manhattan structured correlation
regime is substantial enough that it will be able to be explored
in near-term experiments measuring spin correlations beyond
nearest neighbour distances.
Next we consider the correlations in momentum space by
investigating the structure factor S(T,k) of the SU(3) Heisen-
berg chain. At infinite temperature the structure factor is
flat throughout the Brillouin zone. At high but finite tem-
perature the structure factor shows a broad peak at momen-
tum k = pi for even Ns or at k = pi ± pi/Ns for odd
Ns (see also Ref. [43, 44, 71]). This is shown in Fig. 3(c).
For Ns = 15 we see a shift of the location of the max-
imum from k = 14pi/15 to k = 4pi/5 at the finite size
Lifshitz temperature TL(15)/J ≈ 0.24. This is followed
by a further change from k = 4pi/5 to k = 2pi/3 around
T/J ≈ 0.15. The location of the low-temperature peak is
in agreement with the known ground state physics of SU(N)
Heisenberg chains, which display algebraically decaying spin
correlations oscillating with wave vectors which are multi-
ples of |k| = 2pi/N [4, 43, 44, 71]. In Fig. 3(d) we analyze
the finite size dependence of Lifshitz temperature TL(Ns) us-
ing an expansion of the structure factor around k = pi dis-
cussed in App. C. The analysis leads to a Lifshitz tempera-
ture of TL(∞)/J = 0.281(5) for the one-dimensional SU(3)
Heisenberg chain. In Ref. [71] the Lifshitz temperature was
discussed for N = 4 and N = 20 and a Lifshitz temperature
of about T/J ≈ 0.25 in our units was found, lending sup-
port for an approximatively constant Lifshitz temperature for
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FIG. 4. Temperature dependence of spin correlations in the two-dimensional square lattice SU(3) and SU(4) Heisenberg model: Full
ED spin correlation results for the largest accessible clusters for SU(3) (Ns = 18) and SU(4) (Ns = 16). (a) and (b) shows the correlation
functions Cspin(T, r) with a fixed reference site 0 for N = 3, Ns = 18 and N = 4, Ns = 16, respectively. Leading order high-temperature
expansion results [Eq. (6)] are illustrated as dashed lines. (c) and (d) shows the corresponding structure factor S(T,k). The vertical red dashed
and dashed dotted lines indicate the finite size bifurcation temperature TL(Ns=18)/J = 0.150(5) [TL(Ns=16)/J = 0.210(5)] and the
estimated infinite system size Lifshitz temperature TL(∞)/J = 0.180(5) [TL(∞)/J = 0.230(5) for SU(4)], obtained by the continuous
structure factor ansatz.
N ≥ 3. In Ref. [43] it was noticed on the other hand that the
entropy per spin corresponding to these Lifshitz temperatures
is increasing with N . We will come back to this observation
in Sec. V.
Let us summarize for the N = 3 Heisenberg chain that
coming from high temperature, the first signal in temperature
is likely the disorder temperature TD/J . 0.73 (depending
on distance or system size), where the sign structure in real
space starts to show defects with respect to the Manhattan
structure. At a lower temperature TL/J ∼ 0.28 the peak in the
structure factor starts to move away from the commensurate pi
location. So real-space correlations are indeed a valuable new
probe to investigate SU(N) magnetism, as they are able to de-
tect deviations from the Manhattan regime at higher T/J than
momentum space probes.
B. Square Lattices: N = 3 and N = 4
The Manhattan regime for the square lattice for all N ex-
hibits real-space correlations according to Fig. 1(b), while in
momentum space the structure factor peaks at (pi, pi). On the
other hand the predicted ground state physics scenarios dif-
fer starkly among the studied cases of N . The SU(2) case is
a well-known and its ground state is Ne´el ordered. The cor-
relations are expected to retain their sign structure from high
temperatures down to T/J = 0, while the structure factor re-
mains peaked at (pi, pi) for all T/J <∞.
The SU(3) Heisenberg model on the square lattice also
shows long-range spin order [81, 86], with an ordering wave
vector ±(2pi/3, 2pi/3) or ±(−2pi/3, 2pi/3). The two distinct
orientations differ in their sign of the spin correlations across
the diagonal of a square plaquette. This difference can be el-
evated to an Ising order parameter which could order at fi-
nite temperature due to its discrete nature, despite the true
long range order of the spin correlations being inhibited at
finite temperature due to the Hohenberg-Mermin-Wagner the-
orem [104, 105]. This scenario is similar to those put forward
for frustrated SU(2) systems [106, 107], and being actively
discussed in the context of nematic ordering in the pnictide
superconductor materials [108, 109].
The ground state of the SU(4) square lattice Heisenberg
model is predicted to exhibit an even more involved spatial
pattern of SU(4) symmetry breaking [82]. Here it is also
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FIG. 5. Temperature dependence of spin correlations in the two-dimensional triangular lattice SU(3) Heisenberg model: Full ED
spin correlation results for Ns = 12. (a) shows the correlation functions Cspin(T, r) with a fixed reference site 0. Leading order high-
temperature expansion results [Eq. (6)] are illustrated as dashed lines. The vertical red dashed dotted line indicates a disorder temperature
TD(Ns = 12)/J ≈ 0.69, where the distance 2 correlator changes sign. (b) shows the corresponding structure factor S(T,k).
conceivable that the dimerization pattern orders at finite tem-
perature, before true long-range order for the spins occurs at
T = 0.
In both the SU(3) and the SU(4) cases predicted the low-
temperature regime is distinct from the Manhattan regime ex-
pected at high temperature. We discuss in the following com-
plete ED simulations on a Ns = 18 square cluster for SU(3)
and a Ns = 4 × 4 = 16 sites cluster for SU(4) and study
the behaviour of real-space correlations and structure factors
as a function of temperature T/J . These complete numer-
ical diagonalizations have been performed by adopting the
SU(N) Young tableaux basis [74], combined with large-scale
SCALAPACK [110] highly parallel diagonalization routines.
The largest block to be diagonalized numerically had a dimen-
sion of almost 800’000. A microcanonical view on the SU(3)
data is discussed in App. B.
We start the discussion of the results for the real-space cor-
relations of the two cases in Fig. 4(a) and (b) for SU(3) and
SU(4) respectively. The lines including the circle symbols
display the ED results evaluated at the corresponding tem-
peratures. The dashed lines on the other hand display the
leading order behaviour Eq. (6) of the Manhattan regime.
The high-temperature sign structure in the ED data in both
cases is in perfect agreement with our Manhattan regime pre-
diction and extends down to an intermediate temperature of
TD/J ≈ 0.325 for SU(3) where the distance-(3, 0) correlator
turns from negative to positive. For SU(4) the distance-(2, 2)
correlator changes sign at TD/J ≈ 0.575, which is almost
twice as high as in the N = 3 case. In both cases the devia-
tion from the Manhattan picture occurs at the largest possible
distance on the considered cluster, which is analogous to the
one dimensional chain discussed above. It is noteworthy that
the correlations beyond the nearest neighbor distance remain
quite small in the N = 4 case compared to the N = 3 case,
even down to rather low temperatures.
In Fig. 4(c) and (d) we show the structure factor for vari-
ous distinct wave vectors as a function of T/J for SU(3) and
SU(4) respectively. As expected we observe a maximum at
(pi, pi) in the high temperature regime. At low temperature we
recognize a direct shift of the peak to the location expected in
the ground state, i.e. k = (2pi/3, 2pi/3) and symmetry related
momenta for N = 3 and k = (pi, pi/2) and symmetry related
momenta for N = 4. These finite-size transitions occur at
TL(Ns=18)/J ≈ 0.15 forN = 3 and TL(Ns=16)/J ≈ 0.21
for N = 4. In the absence of larger systems allowing a
finite-size analysis it remains open whether these tempera-
tures signal a first order phase transition from the short-range
ordered Manhattan regime to the spatial symmetry broken
low-temperature regime, or whether these features are indi-
cators of Lifshitz temperatures separating two short-range or-
dered regimes, while a distinct symmetry breaking transition
occurs at even lower temperature. In case a Lifshitz temper-
ature occurs first coming from high temperature, we can esti-
mate the infinite system Lifshitz temperatures using the anal-
ysis in App. C. We then obtain TL(∞)/J = 0.180(5) for
SU(3) and TL(∞)/J = 0.230(5) for SU(4).
So in conclusion of this study of the SU(3) and SU(4)
square lattice cases we can again confirm that the Manhattan
regime indeed accounts for the structure of spin correlations
in real and momentum space from infinite temperature down
to quite low temperatures. As in the chain case we observe
that the real-space correlations signal a sign change at a higher
temperature than the putative temperature of the Lifshitz tran-
sition governing the structure factor.
C. Triangular lattice: N = 3
As the last example we display the real space spin correla-
tions as a function of temperature T/J for the SU(3) triangu-
lar lattice Heisenberg model in Fig. 5 for Ns = 12. This sys-
tem size is not very large, it is however the largest we can diag-
onalize completely while being compatible with the expected
three sublattice ordered ground state physics [79, 86, 111]. At
high temperature we expect the Manhattan regime to mani-
fest itself, and indeed in the left panel of Fig. 5 we can see
8that the nearest neighbor correlation is negative, while the dis-
tance
√
3 and 2 correlators are positive as they both belong
to the m = 2 Manhattan shell. A similar Manhattan struc-
ture of correlators on the triangular lattice has recently been
observed at short times in a non-equilibrium Rydberg quan-
tum magnetism experiment [98]. At a disorder temperature
TD(Ns=12)/J ≈ 0.69 the distance 2 correlator changes sign,
then reaching the expected sign structure of the three sublat-
tice ordered ground state. This disorder temperature is about
two times larger than in the square lattice case. It remains to
be seen whether this is a finite-size effect or due to the differ-
ent geometry.
In the right panel of Fig. 5 we present the corresponding
structure factor S(T,k) as a function of temperature T/J . On
the triangular lattice the Manhattan regime leads to a (shallow)
peak at the K points in the Brillouin zone for all N , and that
is well reproduced in our data. For N = 3 the peak remains
at the K momenta for all temperatures, as the ground state
develops Bragg peaks at these very momenta. So there is no
Lifshitz temperature for the triangular lattice N = 3, despite
the fact that some of the correlations change their sign in real
space as a function of temperature, signalling the breakdown
of the Manhattan regime.
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FIG. 6. Entropy per site as a function of the energy per site for
the SU(N) Heisenberg model on the square lattice. The full lines
with the filled circles denote NLC results, while the dot-dashed lines
denote complete numerical diagonalizations for periodic finite size
clusters. The circles are plotted at the (s, e) coordinate correspond-
ing to T/J = 1/2 for all N .
V. EQUATION OF STATE ON THE SQUARE LATTICE
In the discussion so far we used only the temperature T/J
as a control parameter of the thermal equilibrium. However in
the ultracold atom context it is also useful to understand the
physics in terms of the entropy S or the entropy per site s. In
order to address the entropy dependence of the correlations (as
e.g. studied in Ref. [43] for one dimensional SU(N) chains)
we numerically determine the entropy per site s ≡ S/Ns as
a function of the energy density e ≡ E/Ns. This function
FIG. 7. Schematic phase diagram of the SU(N ) Heisenberg model
on the square lattice for N ≤ 10. The maximum achievable entropy
per site for a givenN is logN (corresponding to T →∞) signalized
by the height of the bars.
s(e) is known to be a thermodynamic potential, and allows
therefore to extract e.g. the temperature via
ds
de
=
1
T (e)
.
We note that for our nearest neighbour spin Hamiltonians (2)
the energy per site e = z2 Cspin(n.n.) is related to the nearest
neighbor spin correlator discussed above via the coordination
number z of the lattice.
We calculated the entropy S(T ) and the energy E(T ) from
the finite size partition function obtained by complete numer-
ical diagonalizations of periodic square lattice systems. Fur-
thermore we have implemented a numerical linked cluster ex-
pansion based on a real space cluster expansion in terms of
squares [96], while the complete numerical diagonalizations
required for each cluster were performed in the SU(N) Young
tableau basis [74].
In Fig. 6 we show the resulting curves s(e) for various N
between 2 and 10 for the square lattice. We chose the ori-
gin of the y-axis at the infinite temperature reference value
ln(N). We have indicated the (s, e) coordinates correspond-
ing to T/J = 1/2 with filled squares in Fig. 6. Curiously we
observe that almost all curves lie on top of each other in the
regime corresponding to high temperature. The consequence
of this observation is that in the high temperature regime of
SU(N) Heisenberg models one has to shelve away an N -
independent amount of entropy per site to cool to the same
temperature (here T/J = 1/2 as an example). Obviously this
is not true when cooling to the ground state, as then the full
entropy per site of ln(N) has to be removed.
Our leading order high temperature series expansion result
(6) allows us to understand the origin of this phenomenon. In
this expansion the nearest neighbour correlations (m = 1) de-
pend onN as (1−1/N2), becoming basicallyN -independent
rather quickly. On the one hand this correlator is proportional
to the energy e, and on the other hand we can determine the
entropy reduction away from infinite temperature from an in-
9tegration of the specific heat per site c(T ) = de/dT :
∆s(T ) = ln(N)− s(T ) =
∫ ∞
T
c(τ)
τ
dτ
We thus see that the approximate N -independence of the
nearest-neighbor correlator in the Manhattan regime, and its
relevance for the energy, implies that the entropy reduc-
tion to reach a certain final temperature is approximately N -
independent on the type of lattices considered in this work.
This also explains the two apparently conflicting results
regarding one-dimensional chains, that the Lifshitz temper-
atures are almost independent of N according to Ref. [71],
while Ref. [43] reports an increasing entropy per site for the
Lifshitz points. Here we see that the two point of views co-
incide when viewed from infinite temperature, but seem to
diverge when viewed from zero temperature.
Unfortunately our methods do not allow us to systemati-
cally and reliably study the low temperature physics of large
N and Ns systems, so a large fraction of the s-N phase
diagram for the square lattice in Fig. 7 has to remain un-
charted. However our work has substantiated an extended
region in temperature or entropy where the correlations are
short-ranged and structured in real-space according to the
Manhattan structure. This region is indicated in green in
Fig. 7. For N = 2 this Manhattan region is continuously con-
nected to the low temperature region with an exponentially
diverging correlation length for the same structure of correla-
tions. For N = 3 and N = 4 we have worked out the ap-
proximate location of the Lifshitz or first order transitions to
a different low-temperature regime in Sec. IV B. For larger N
we are unable to reliably estimate the lower end of the Man-
hattan region.
VI. CONCLUSION
In this work we have analyzed the real-space structure of
spin correlations in the SU(N) Heisenberg model with spins
in the fundamental representation on a broad range of lattices.
We find a unifying pattern, the Manhattan structure, where
spin correlations are organized in shells of equal Manhattan
distance, and alternating in sign from one shell to the next.
For selected case we have investigated how the Manhat-
tan regime breaks down at low temperature through indicators
such as the disorder or Lifshitz temperature.
Investigating the dependence of the entropy reduction from
the infinite temperature value of ln(N), we have realized that
the Manhattan regime is governed by an approximately N -
independent equation of state, see Fig. 6. This has interest-
ing consequences, such that the entropy reduction from ln(N)
to reach a certain temperature in the Manhattann regime is
approximately N independent, potentially easing the way to
reach low temperatures in the SU(N) spin models, akin to the
Pomeranchuk cooling effect discussed previously [23, 63, 64].
An important open question remains however. While reach-
ing low temperatures in the Manhattan regime seems easy, it
is not clear how easy it will be to go to even lower temper-
atures where more N specific novel physics can be reached.
For example in the one-dimensional chains the SU(N) Wess-
Zumino-Witten regime predicted at zero temperature is visible
only at temperatures which decrease with N , as discussed in
Ref. [71]. The temperatures we report to reach the ground
state physics of the SU(3) and SU(4) square lattices with
TL/J ≈ 0.18 and TL/J ≈ 0.23 are already quite low.
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Appendix A: Observables for SU(N) spin correlations
In this section we discuss the relation between several ob-
servables which are useful to quantify spin correlations for
SU(N) quantum spin systems with local spins in the N -
dimensional fundamental ( ) irreducible representation of
SU(N). Assuming an arbitrary state ρ of the entire system
which is SU(N) invariant (e.g. an SU(N) singlet pure state,
or a non-symmetry-broken thermal density matrix), the two
site reduced density matrix ρi,j = TrE(i,j) [ρ], (where E(i, j)
denotes all remaining degrees of freedom apart from sites i
and j) contains all the information regarding correlations be-
tween sites i and j. The two site reduced density matrix of
linear dimension N2 has two subspaces: the symmetric sub-
space ( ) of dimension N(N + 1)/2 and the antisymmetric
( ) of dimensionN(N−1)/2. The total weight of the state on
the symmetric and the antisymmetric subspaces are denoted
pS and pA respectively, with pS + pA = 1.
Let us now discuss a few observables and their relation to
pS and pA. We use the notation 〈Oi,j〉 = Tr [Oi,jρi,j ].
1. The two site permutation operator Pij is particularly
simple in this respect. The operator has eigenvalue +1
(−1) in the symmetric (antisymmetric) subspace.
CP (i, j) ≡ 〈Pi,j〉 = pS − pA (A1)
At infinite temperature, the two-site reduced density
matrix is proportional to the identity: ρi,j(T=∞) =
1/N2. This leads to pS =
N(N+1)
2N2 and pA =
N(N−1)
2N2 .
Thus the correlator: CP (i, j) = 1/N at T =∞.
2. The contraction of SU(N) spin operators which we use
in the Hamiltonian Eq. (2) are related to the permuta-
tion operator as outlined in Eq. (3). This leads to the
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following correlations:
Cspin(i, j) = 〈
∑
A
SAi S
A
j 〉 (A2)
= 12 (CP (i, j)− 1N )
= 12 (pS − pA − 1/N)
This operator reduces to the well-known Si · Sj op-
erator for S=1/2 for SU(2), yielding Cspin(i, j) =
−3/4 (+1/4) for an SU(2) singlet (triplet).
At infinite temperature this correlation vanishes for all
N : Cspin(i, j) = 0 at T =∞.
3. In the recent ”Singlet-Triplet-Oscillations” (STO) ex-
periments for SU(2) and SU(N>2) systems [27, 34–
36] it is possible to estimate the symmetric (pS ,
”triplet”) and the antisymmetric (pA, ”singlet”) fraction
of a nearest neighbour density matrix on several lattices
(e.g. honeycomb, cubic). We refer to those references
for the details of the method.
4. We anticipate that in future quantum gas microscopes
it will be possible to record snapshots of the internal
spin state configurations of a cloud of atoms, in analogy
to what is currently possible for SU(2) fermions in an
optical lattice [28–32]. In such experiments it is then
possible to measure ”color-color” correlations, i.e. to
measure the probability of finding two atoms at sites i
and j in the same internal SU(N) spin state α.
We therefore define a diagonal color correlator for
SU(N) spin models as
Ccolor(i, j) = 〈
∑
α
|αi, αj〉〈αi, αj |〉
= 〈
∑
{A∈C}
2SAi S
A
j +
1
N 〉 (A3)
where C denotes the set ofN−1 indices corresponding
to the diagonal spin operators SAi , S
A
j on site i and j,
i.e. the hermitian Cartan generators of the Lie algebra
su(N). This observable is a projector and can be seen
as the probability to have the same spin color on site i
and j. For example, in the case of SU(2) and SU(3)
the observable reads Ccolor(i, j) = 2〈Szi Szj 〉+ 1/2 and
Ccolor(i, j) = 2(〈S3i S3j 〉+〈S8i S8j 〉)+1/3, respectively.
Due to the SU(N) symmetry the expectation value
〈SAi SAj 〉 is the same for every component A and hence
〈∑A SAi SAj 〉 = (N2−1)〈S0i S0j 〉. After some algebraic
steps one obtains the relation of the diagonal color cor-
relator with the two site permutation operator
Ccolor(i, j) =
1
N +
N−1
N2−1 (〈Pij〉 − 1N )
= 1N +
1
N+1 (pS − pA − 1N ) (A4)
At infinite temperature the Ccolor(i, j) correlator takes
the value 1/N .
Appendix B: Microcanonical Analysis
The material in the main text is derived from the canonical
Gibbs ensemble. In this appendix we highlight selected results
for spin correlations on square lattice clusters, where large-
scale numerical full diagonalizations exploiting the SU(N)
symmetry [74] have been carried out. In Fig. 8 we show re-
sults for a spatially symmetric 18 sites square cluster for the
SU(3) Heisenberg model. This cluster has periodic bound-
ary conditions and is spanned by the simulation cell vectors
T1 = (3, 3) and T2 = (−3, 3). The entire Hilbert space has
a dimension of 318 = 387 420 489. After dividing the Hilbert
space into SU(N) irreducible representations, the largest ma-
trix size to be diagonalized features a dimension of almost
800 000. The panels are arranged according to the position
of the second site in the correlator with the origin. In each
panel we show a two-dimensional histogram compiled from
all 318 eigenstates of the system, where on the x axis the en-
ergy per site E/Ns is plotted, while on the y axis the value of
the corresponding correlator Cspin(∆x,∆y). Furthermore we
plot the energy-correlator behaviour of the canonical predic-
tions in the temperature range T = 0 to T =∞, based on the
same finite size data (dark green, dashed line). The positive
energy per site region corresponds to the ferromagnetic side
of the energy spectrum. One can see how the ferromagnetic
correlations build up as one approaches the maximum energy
per site (E/Ns = 2/3). On the antiferromagnetic side of the
energy spectrum the behaviour of the correlators is less regu-
lar, but one can recognize that at low energy, the distribution
of the correlators starts to concentrate and converge towards
the T = 0, i.e. ground state results, where the canonical and
the microcanonical predictions match.
Overall one can see that the expected eigenstate thermal-
ization hypothesis (ETH) [112–114] behaviour is not fully
reached yet for this system size, despite the huge total Hilbert
space. We attribute this to the large amount of different quan-
tum number sectors (spatial symmetry sectors combined with
SU(3) representations) which contribute to the observables,
and which are all included in the plots.
Appendix C: Continuous structure factor ansatz
In this section we perform an continuous structure factor
ansatz and thereby estimate the Lifshitz temperature under
the assumption that coming from high temperatures a Lifshitz
transition occurs. We focus on the 2D square lattice but for the
one-dimensional chain the derivation is perfomed in an ana-
log way. We start by decomposing the static structure factor
of the spin-spin correlations on the infinite square lattice into
harmonics
S(k) =
∑
j 6=1
′
2 cos[k(rj − r0)] 〈SjS1〉+ N
2 − 1
2N
, (C1)
where the sum
∑′ runs over the subset corresponding to the
indices of one quadrant of the lattice, centered by the reference
site r0. We cut the series at distance three and set correlations
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FIG. 8. Microcanonical analysis of spin correlations for the SU(3) Heisenberg model on a 18 sites square lattice cluster, For a detailed
description see App. B.
for larger distances to zero by definition
S(k) = c0 + c1[cos(kx) + cos(ky)]
+ c2[cos(2kx) + cos(2ky)]
+ c3[cos(kx + ky) + cos(kx − ky)]
+ c4[cos(3kx) + cos(3ky)]
+ c5[cos(2kx + ky) + cos(2kx − ky)
+ cos(kx + 2ky) + cos(kx − 2ky)], (C2)
where cj = 2Cspin(0, j). Taylor expanding around (pi, pi)
and keeping maximally quartic terms leads to the following
Ginzburg-Landau free energy like expression
S((pi+x, pi+y)) ≈ a0+a1(x2+y2)+a2(x4+y4)+a3x2y2
(C3)
with
a0 = c0 − 2c1 + 2c2 + 2c3 − 2c4 − 4c5
a1 =
c1
2
− 2c2 − c3 + 9c4
2
+ 5c5
a2 = − c1
24
+
2c2
3
+
c3
12
− 27c4
8
− 17c5
12
a3 =
c3
2
− 4c5.
(C4)
By maximizing Eq. (C3) we find three different regimes: (I)
a trivial regime with the maximum at (pi, pi), (II) a second
regime with four maxima along the diagonals ((pi ± , pi ± )
with  =
√−a1/(2a2 + a3)) through (pi, pi) and (III) a third
regime with four maxima along horizontal and vertical lines
((0, pi ± ) and (pi ± , 0) with  = √−a1/(2a2)) through
(pi, pi). Finally, by matching the coefficients ai with the ED
data for our largest cluster for every temperature we obtain
a trajectory in the coefficient space. Starting from the origin
(T → ∞) the trajectory moves into the trivial regime, where
the structure factor is peaked at (pi, pi), but bends back and
breaks through regime (II) at TL(∞)/J = 0.180(5) for SU(3)
and through regime (III) at TL(∞)/J = 0.230(5) for SU(4),
which are the estimated Lifshitz temperatures.
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